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PREFACE 

This document presents research investigations of 256 scient!fic professionals studying 
patterns and processes of managed southern forests through 95 reported studies, These cow- 
trlbutions emanate k s m  formal researchers, extension, and staff specialists, and forest 
managers, Authors represent a cross section of universities, forestry and hsrt-%icu%iural 
companies, and public agencies, Their approaches and findings are worthy of study and, where 
appropriate, incorporation ln"a the logical system we call siivieu%tura% hteratrrre. 

Three Invited general session presenters addressed the chdlenges to forestry in the South 
from the vlewpoJnCs of federal, Industrial, and nonkndustrial private forest managers. 

An exciting Aeld tour to the Ames Plantation on the third day sf the conference was hosted 
by the Ames Foundation and the University of Tennessee. Those attending expressed appreciation 
for the opportunity $0 observe the forest and wiBdBtfe research and demonstration sites on the 
Plantation, 

Acknowledgments are made to the conference cochairpersons, James Burdue and Gordon 
Lewis, Southern and Southeastern Forest Experiment Stations, and the steering comrnBttee, 
composed of the following representatives and their sponsoring organizations: 

Doug Crutch field, Westvaco Corporation, Summervflle , SC 

Chuck Woliiis, International Paper Company, Bainbridge, GA 

dim Baker, SOFES, Montlce%lo, AR 

John Toliver, SBFES, Stonevile, MS 

John Hodges, Mississ8pp)i State University, MS 

Marilyn Buford, SEFES, Charleston, SC 

Dean Gjerstad, Auburn University, Auburn, AL 

Dave Smlt h,  Virginia Polytechnic Institute and State University, B%acksburg, VA 
\ 

john Pitcher, Hardwood Research Council, Memphis, TN 

The diligence and thoroughness of these individuals are to be commended, Special recog- 
nition Is also offered to the superb panel of dfstfnguisshed moderators that :ed each sessfon, 

Papers pgbllshed in this proceedings mere submitteed by the authors tn eledronlc media. 
Limited editing was done to ensure a consist en^ format, Au~hors  are responsible for content 
and accuracy of their indivfdual papers, 

3 a ~ i e 1 6 .  Neary 
?rogran: Chafrpers~n 
Southeastern Forest Experiment Station 
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THE ROLE OF RESEARCH IN ADDRESSING CHALLENGES 
TO SOUTHERN SILVICULTURE " 

Jerry A. Sesco and Nelson S. Loftus, Jr. 

- This paper discusses society's challenges to and oppor- 
tunities for silviculture, in the '90s and beyond, and the unique 
role researchers will play. Challenges include those social and 
political factors causing foresters to examine how they practice 
forestry; and a strategy for meeting those challenges for USDA 
Forest Service Research. Opportunities include learning, growth, 
and development in a field that is never static; incorporating past 
management experiences into the present and future mix of uses and 
values for a changing world. 

Introduction 

I appreciate the opportunity to 
participate in this Sixth Biennial 
Southern Silvicultural Research Con- 
ference. I am pleased and honored 
to be part of what promises to be an 
excellent session on silviculture* 
It gives me the opportunity to share 
with you some of my thoughts about 
Forest Service Research and our re- 
cently released "Strategy for the 
90s. '" 

In the time I have this morning 
I want to briefly discuss four 
points: 

1. Societyf s challenge to silvi- 
culture and our role as researchers* 

Vaper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, 'IN, Oct. 30-Nov- 
1, 1990. 

Beputy Chief for Research and 
Principal Research Silviculturist, 
USDA Forest Service, Washington, 
D.C* 

2, The social and political fac- 
tors that are causing us to change 
how we practice forestry* 

3. "Strategy for the 9 0 9  for 
USDA Fores t Service Research. f f  

4. The opportunity for silvi- 
culture in the 1990s and beyond. 

What Are the Challenges? 
What fs Our Role?' 

There is a chmging land ethic 
in how people look at natural re- 
sources. Although this change is 
now mainly directed at public lands, 
passage of forestry practices acts 
now being considered by mmy States, 
especially in the West, will even- 
tually influence how private forest 
Pmds are mmaged. This change was 
discussed in Associate Chief George 
Leonard's opening paper to your Fif- 
th Conference. In his paper enti- 
tled, ""The 2030 Forest: USDAfs Role" 
he called for new and additional re- 
search to meet m"ccipated demands 



on the Southf s forest resources* We also noted that there would be more 
"urbanu people living in "rural" areas md they would be concerned about 
what is happening in the forests aromd them. In his recent speech to the 
19th ImO Congress, George Leonard again stressed the lmd mmager" need 
for science because of malterable chmges in the enviroment in vhich for- 
ests grow and the diverse ways people now expect forests to serve them at 
local, regional and global scales* hother indication of this demand for 
change can be fowd in the Research Comcil" Report, "Forestry Research: 
A Mandate for Chmge," which calls Tor forestry research to play a major 
role in addressing ;ul arrayy of societal needs and concerns for the forest. 
There is a call for a new research philosophy, that is, an enviromental 
philosophy, In response to this call and to the shifting needs of people, 
the Forest Service m d  the direction of our programs are changing. Strate- 
gic guidance for these ehmges comes from the Recosnmended 1990 WA Program 
and our Research Stratea for the 90s. 

As resource mmagers , researchers, a d  adminis trarsrs we face many 
challenges in carrying out our missions. As resmce rs our challenge 
is simply this: Multiple-use gemenk with greate romen tal sensi- 
t ivi ty . This theme was centra the Southern FQrest Productivity Program 
jointly developed by the Forest Service a d  southern uiversity researchers 
in 1988, As res cRess our challenge is to provide answers to increasing- 
ly complex questions without compromising our scientific independence md 
credibility. Our role is then to provide the information and technology 
needed, indeed required, to sustain the quality a d  quantity of multiple- 
forest and gsasslmd resources. Finally, as aMnistmtors, our challenge 
is to provide the leadership m d  direction necessav to be competitive for 
resources and scientific stmding, md to be responsive to the needs of our 
cooperators and clients. These challenges are aceompanled by opportunities 
to change the way we practice forestu a d  to increase the breadth of our 
research grogrms md the depth of our investigations. 

Motivation for Change 

Until the Latter park of the 1 9 6 0 ~ ~  the primaw focus af forest manage- 
ment in the United States was on the groduction of timber md fiber prod- 
ucts. Foresters prac"eiced "?goodw ssiliiculture to produce fast growing, 
healthy stands of comereially valuable trees. As forest managers, we were 
concerned with the rapid establishment of regeneration, maintaining fully- 
stocked stands, harvesting schedules, a d  timber stand improvement activit- 
ies (TSI), Research was directed to the development of silvicultural tech- 
niques to improve growth m d  species composition; genetic improvement for 
superior trees; more accurate predictions of growth m d  yield; m d  tree 
growth responses to cultural treatments* Non-commodity values were consid- 
ered by research a d  management, but frequently only to the degree that 
they did not conflict with timber production objectives. 

However, the environmental movements of the 1960s and "70 together 
with the passage Qf the tiationax Forest Mmagement Act in I376 sipaled our 
growing awareness o f  h m m  impacts on the environment, and the importance 
of managing f ores ts--especially publie lads--for purposes other than t im- 
ber* Public interest in the enviroment has now reached a high point with 



a larger, more diverse population taking an active role in planning the 
agement , use, and protect ion of Pv theirfP forest resource. 

These social factors together with new scientific information and 
agement activities lead to a philosophy and attitude that we can manage 
forests to sustain their full array of values and uses, that is, the '@New 
Perspec t ivesH approach to aging natural resources .. "Mew Perspectives" 
has become a generic term calling for changes in the traditional ways of 
managin@; resources; it is an attitude, an approach a philosophy about 
how we carry out multiple-use land and resource ement . To me 'Wew 
Perspectives" is environmentally responsible resource management. Al- 
though it had its beginnings in the early p 60s with the conservation move- 
ment, it was not until the late 1980s that this need for environmental re- 
sponsibility received serious public recognition through Jerry Franklin's 
promotion of "New Forestry." 

In response to this d for change, D bertson, Chief of the 
Forest Service, called for erspeetives in lng the btional Forest 

fort to use this new philosophy to change how the 
public lands and how we resp peoplef s needs 

and desires. an Ecological Perspective for ng Forests is a 
priority research program we are developing in response to this unique 
challenge and opportunity. The concept sf "New Perspec tivest' is closely 
aligned with our "Stratem for the p90stt and the need to better understand 
ecosystems, people and natural resource relationships, and resource 
opt ions. 

Strategy for The '90s for USDA Forest Service Research 

There are three dominant social trends affecting future protection, 
management, and use of natural resources and the content and conduct of our 
research programs. First is the expanding world population and associated 
demographic changes. Second is the increasing competition for the many 
uses of natural resources--people are demanding more products and services 
from our finite resource base. And, third is the high standard of living 
most of us now enjoy--we can afford this environmental ethic. These trends 
have resulted in an increasing public awareness and concern for natural re- 
sources and for national and global environmental issues. In addition to 
the traditional products--timber, big game animals, fish and water--society 
is now interested in: how forests and climate affect each other; loss of 
biological diversity including T&E species; growing demand for wood and 
wood fiber; preservation of "pristine" fores ts or old-growth; sustainable 
wood production integrated with protection of non-comodity values; and 
maintenance of forest health--nat ionally and globally. 

In response to these trends and public concern for the environment and 
natural resources we developed, Strategy for the 9 s  for USW Forest Ser- 

&--a product of an intensive assessment of our mission, re- 
search programs, organization, trends, and partnerships. 



We defined the Forest Service Research Mission as: '?'To serve society 
by developing anad comunicasing the scientific information artd techology 
needed ts protect, mmage, and use the n a t u r a l  resources of forested and 
range I a r m d ~ . ~ ~  This mission encompasses a broad speetrlnm of responsibili- 
ties ranging from the basic anad highly techical to the applied a d  on- 
the-gromd techolom trmsfer. 

Based on our mission, goals, trends, a d  research capabilities, we have 
divided our p r s g r a  i n to  three major components with associated areas of 
emphasis mder each. "X"hese components encompass the five critical areas 
for reseizrch In the National Research Comcil" report, ""Forestry Research: 
A Mandate for Chmge f "  

These components o f  our Stratem c m  also be considered challenges to 
the forestw research cornunity nationally a d  globally* They are: 

EFnderstadiw E c o q s k  -- Forest Service Research will focus on under- 
standing the structure m d  function %sf forest ecosystems. We will take 
an ecosystem approach to our research with emphasis on sustained pro- 
ductivity, biological. diversity, forest health, a d  the influence of 
global change. In a recent inter.kPiew, Jack Ward Thomas, Chairperson sf 
the Interagency Science Cornittee on the Role of the Spotted W l ,  said 
"at long last we have gotten off our hmds and bees to look at the en- 
tire lmdscage, 1 t is almost mind-wrenching, it is such a tremendous 
shift in thiking, Even the body pol i  tic has learned it is a bigger 
question t h m  an i n d i v i d u d  species. mat about the system that sup- 
ports them a l l ?  We are talking about ecosystemss" The results of this 
research on mderstmding ecosystems will provide the  scientific basis 
for realizing the Lull productivity of na tura l  systems and resolving 
issues related to env i romenta l  concerns. 

Understadiw Pwgle a d  Natwd Resowee Relatiomhips-- We will in- 
crease our emphasis sn understmding how people perceive and value the 
management, use, and protection of our natural. resource* Research will 
address socioecowomie factors that are closely associated with rural 
develapment a d  diversification, m d  international trade* This compo- 
nent reflects our recowition sf people" seeds a d  attitudes with re- 
gard to traditional uses of the forest resource. 

h d e r s t a n d i ~  a d  iw  Resom~e B)ptim-- The goal of this re- 
search component i termine which protection arad 
tices, and utilization systems are most suitable for the production m d  
use of na tura l  resources. Findings wlbi help us develop solutions to 
problems associated with competing uses of our fares- for tinbes, wa- 
ter, wildlife, and other forest products as well as ecological values 
such as biological diversity* Research will include extension of the 
timber resource through better utilization and recycling. 

This strategy is our blueprint for the 1990s. It is closely aligned 
with the 1990 Resources Planning A c t  (WA) Program and was developed in 
concert with our university, industry,  Federal and State partners. With 
implementation sf this stratem, 1 believe that we can attain the vision I 
have %or Psrest Service Research* That vision is t o  be: 



Acknowledged by our customers and partners as a visible, effective, 
reliable, a d  objective source sf useful scientific and technical 
informtion* 

Recopized nat ional ly  a d  internationally as a leader and advocate 
for scientifically-based natural resource management, use, and 
polic~nnding, 

Viewed as a workplace characterized by diversity, excitement, pur- 
pose, fairness, trust, challenge, reward, and opportunity for 
emplcayees to contribute,  succeed, m d  grow, 

We used this vision in the preparation of our strategic plan for the 1990s. 

Opportunities for Silviculture in The 1990s 

Advmces in silviculture in the 1990s and beyond require t h a t  we: (1) 
reverse the domjlard trend in fwding and staffiw for silviculture both in 
research a d  practice; (2) develop stronger linkages between researchers 

agers  in all disciplines; (3) play a much larger rde than ve have 
in the past on forest l a d s  "rat are not dedicated primarily to timber 
production; and (4) not ipore past mmagement experience ;end research re- 
sults in developing future silviculture prescriptions and mmagement al- 
ternatives for a barge array of comsdities, uses, and ecological values 
such as biological diversity a d  sustained productivity, 

Frankly, the opportunities for a l l  of you in the f i e i d  of silviculture 
could not be greater t k m  they are right now. Science is never static. It 
must address the relevmt issues of the day. The sands are shifting toward 
more enviromental awareness. We have the opportunity to surf on the same 
tide that is reshaping the beach--or ve can be washed along or awy-- be- 
cause the beach w i l l .  ehmge in spite of us* 

Since this is the  "first" Biemial Southern Sivicultural Research Con- 
ference" of the 9ks, 1 thinlt that the time is ripe to make a commitment 
for this decade and beyond. That commitment is to join the Forest Service 
in: 

Expanding our urmderstanding of forest and grassland ecosystems 

Examining how people use a d  value natural resources 

Increasing our asaaderskanding of the array of n a t u r a l  resource op- 
tions a d  expmding resource productivity, potential, sustainabil- 
ity, a d  use. 

Let us work together to develop the information a d  tecknslog;y needed 
to sustain mu1 t iple-resource values and practice mu1 t iple-use management 
with greater enviromental sensitivity, 



THE OUACHITA NATlONAL FOREST STORY-- 
NEW FORESTRY, SOUTHERN STYLE ' 

David W e  Wilson and Jmes M e  Gukdin 

The challenge of Federal. l a d  maagememt in the 1990s is 
fine responsible enviromentalism in the balmced md sustain- 

able mtlltiple-use mmagement of the forest, This is higkrlighted by 
the Hew Perspectives progrm of the USDA Forest Service, tjhich 
brings enviromental sensitivity and greater social acceptace into 
natural. resource mmagernent a d  administration. On the Ouachita 
National Forest, recent p1 ing activities, public challenges, and 
administrative response resulted in the inexorable conclusion that 
clearcutting is the mst controversial a d  divisive management is- 
sue facing National Forest managers. Future mmagement decisions 
on the Ouachita W will be related to ecosystem sustainability un- 
der alternative silvicultural regimes. An imediate corollary to 
this is the development of a strong research partnership under Hew 
Perspectives that will evaluate the silvicuPtural and multi-re- 
source sustainability of the proposed alternative silvicultural 
systems. Thus, the Ouaehita PJF story represents a beginning of a 
new perspective in forest stewardship into the 21st century. 

Introduction 

The concept of government forest 
reserves is certainly not unique in 
the world* Forestry has long been 
associated with either farnilies sr 
institutions that have held the 
reins of governance in society a 

However, Federal forestry in the 
United States is unique in being es- 
tablished as a result of a series of 
social events at the beginning sf 
the 20th century; excessive lumber- 
ing, tax delinquency, unsuitability 

for agriculture, m d  physical re- 
moteness 06 f ores ted m d  deforested 
l a d s  created a vast land base hav- 
ing great existing and potential 
value* Because enhmced wealth of 
heriea did not depend on the im- 
mediate exploitation of these re- 
serves, our goverment had the lux- 
ury of being able to invest time and 
effort in the growth potential of 
these forest reserves, whose man- 
agement would yield, according to 
the lofty principles promoted by 
Giffsrd Pincbot, the greatest good 
for the greatest number in the long 
run e 

Paper presented at Sixth Biemial 
Southern Silvicultural Research Con- 
ference, Memphis, aV, Oct. 30-Nov. 
1, 1990. 
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Challenges to Federal Land 
Management in The 1990s 

Today, the domain of the USDA 
Forest Service encompasses over 191 
million acres o f  public lands. The 
agency is charged with both protect- 
ing m d  mmaging this bounty of na- 
tural resources. The challenge for 



the 1990s is to produce these valuable goods and resources while preserving 
the ecological integrity of the resource base. 

Several Forest Service officials have described the challenges. For 
example,. at the 19th International Union of Forestry Research Organiza- 
tions, the keynote address by George Leonard, the Associate Chief of the 
USDA Forest Service, identified three challenges for management of Federal 
lands: (1) to better understand ecosystems; (2) to better understad the 
complex relationship between people and natural resources ; and (3) to bet- 
ter understand mQ expand resource management options (Leonard 1990). 

Secondly, the 4990 Resources Planning Act, the report of the Forest 
Service to Congress, defined a program of multiple-use balance. It ad- 
vocated enviromentally-acceptable management practices including reduc- 
tions in clearcutting when alternative reproduction cutting methods would 
work, and further addressed both biological diversity and old-growth. Dale 
Robertson, Chief of the Forest Service, views this RPA report as the long- 
term strategic plan of the organization, and considers the challenge as one 
of defining responsible enviromentalism as the balanced and sustainable 

agement sf the forest. 

Chief Robertson has also established a new initiative within the Forest 
Service called "New Perspectives,'"d formed a Washington Office staff and 
direction to head up the initiative. Regions, Forests, and Experiment Sta- 
tions have followed suit. The charge of this initiative is to bring envi- 
ronmental sensitivity and greater social acceptance into natural resource 
management and administration. 

Perhaps most sipificmt to the Ouachita National Forest and the South- 
ern Region, the Chief and Senator David Pryor, (D-AR) took a "walk in the 
woodsw on the Ouachita NF in st 1990, and their mutual agreement re- 
sulted in the elimination of elearcutting as a routine reproduction cutting 
method on the Ouachita. The agreement vas captured by the Regional For- 
ester as Amendment No. 7 to the Ouachita MF Land and Resource Management 
Plan, and provides for clearcutting as a reproduction cutting method only 
under certain narrowly--defined silvicultural conditions-- such as insect 
or disease attack, salvage of natural disturbance, and rehabilitation of 
underproductive, newly-acquired areas. But in April 1991, the Secretary of 
Agriculture rescinded Amendment 7; thus, the status of clearcutting still 
remains unresolved. Despite this, the Ouachita NF is comitted to finding 
alternatives to claercutting. In recognition of this comitment, the Oua- 
chita NF has been designated a "Lead Forest" under the New Perspectives 
program, As such, the actions on the Ouachita MI? could affect the future 
direction of silviculture and management on National Forest lands across 
the nation. 

The Ouachita NF Story 

The Ouachi ta HI? is located in the Ouachi ta Mountains, an east-west in- 
terior highland formation located in vest-central Arkansas and eastern Ok- 
lahoma. The Forest was established in 1907, making it the oldest National 



Forest in Region 8. It is also the largest, at 1.6 million acres. Shor- 
tleaf pine (Pinus echinata Mill.), the most broadly-distributed m d  most 
poorly-understood of the major southern pines, reaches its ecological ogti -  
mm in the Ouachi tas, forming virtually pure stands over extensive areas, 
and encompassing mixed pine-hardwood stands over an even broader area 
(Critchfield and Little 1966; Little 1971; McWillims et al., 2986). Smith 
(1986) commented that the Ouachita Mountains originally contained the larg- 
est shortleaf pine forest in the world, encompassing 5,000 mi2 of the 
11,000-mi2 area of the Ouachitas. Further, because of its relatively slow 
growth rates, shortleaf pine from the Ouachitas is prized as Lwnber s f  ex- 
ceptional quality. 

In the mid-l960s, the Ouachita NF shifted management strategies from 
uneven-aged selective cutting to even-aged plantation management. Concur- 
rently, in 1969, Weyerhaeuser Company bought the holdings of the Dierks 
family, totalling 1.8 million ac of uneven-aged forest lands, 90 percent of 
which was within the Ouachita Mountains. Weyerhaeuser imediately begm an 
ambitious program of clearcut ting existing forest, and replanting genet- 
ically-improved loblolly pine (Pinus -- taeda L. ). Thus, within oniy -a few 
years, the prevailing management in the Ouachita Momtains on both public 
and private forest lands shifted from uneven-aged selective cutting tg) 

clearcutting and planting. By the mid-1980s, the Ouachita IW was producing 
roughly 200 million bflyr, through clearcutting, intensive site preparation 
(a combination of burning, herbicide application, ripping), and p l m t i n g  
improved shortleaf pine--a practice similar, though somewhat less inten- 
sive, to that being conducted on the adjacent Weyerhaeuser lads. 

In 1986, the Ouachita NF released its new Forest Plan, which called for 
a continuation of this management emphasis on timber production using ab- 
most exclusively clearcutting* Immediately, over twenty srgmizations 
formed different conservation coalitions, representing a four-state area, 
and filed six appeals at the Forest Plan. Concurrently, appeals of plans 
in California that failed to consider uneven-aged silviculture, as was the 
case with most plans across the country, were upheld. 

The sudden complexity of the appeal situation on the Ouachita resulted 
in a supplemental analysis of the environmental impacts of the pLm which 
included a host of alternatives, During this period of supplemental an- 
alysis in 1987, the Oklahoma congressional delegation engineered the pas- 
sage of a bill declaring a rather sizable portion of the National Forest in 
Oklahoma as a National Recreation Area. This bill was significant in that 
it provided prescriptive language for the management of 98,000 ac of Na- 
tional Forest land, upon which the option for use of clearcutting vas es- 
sentially eliminated. 

In this environment, the Amended Draft of the Ouachita NF management 
plan was released, which recommended reducing clearcutting from 15,000 to 

ally, increased use of even-aged natural regeneration methods 
such as seed tree and shelterwood from 0 to 5,000 ae ually, and imposed 

ually of uneven-aged silviculture. This draft generated over 
7,000 responses, split among those supporting a total shift to ueven-aged 
management with no herbicides, those advocating only even-aged mmagement, 



and those supporting the recomended alternative. Appeals began to be gen- 
erated for each timber sale. An Arksas congressman submi t ted a bill to 
make the entire Forest a National Recreation Area. A lawsuit was filed to 
stop all even-aged reproduction cutting methods, including seed tree and 
shelterwood which were labelled, respectively, as "two-step clearcutting" 
and !'three-step clearcut ting. " Timber volume harvested dropped to below 

ually; only through the graces of a short-term enhanced 
s the Ouachita fdF able to prevent 25 percent county pay- 

Throwh this contentious social and political environment, the supple- 
ing process was driven by three basic objectives to: (I) dev- 

elop legitimacy for the process; (2) develop a reputation for listening; 
and (3) demonstrate a willingness to be responsive. Attention to these 
principles leads to the inexorable conclusion: clearcutting is the most 
controversial and divisive management issue facing National Forest man- 
agers. Prior to the "'walk in the woods," clearcutting was already being 
phased out on the Ouachita W by the new decision-making ewiroment on the 
Districts and in the Supervisor's Office. The refinement of the use of 
clearcutting along the lines suggested by Amendment 7, coupled with im- 
pending resolution of outstanding lawsuits, will hopefully break the logjam 
in mmwernent decisisn-making and will enable the final implementation of 
the Forest Plan. Thus, silviculturally, the next decisions facing the 
Ouachita Nf" are those related to ecosystem sustainability mder alternative 
silvicultural systems. 

Research Challenges on The Ouachita NF 

The critical challenge for ecosystem sustainability facing the Ouachita 
NF under the New Perspectives program is in the silviculture used to regen- 
erate and develop the desired future condition of the forest. A major step 
is to identify what the desired future condition will be, and this has not 
yet been accomplished. However, it will probably vary, depending on man- 
agement objectives for particular stands. On upper south- and west-facing 
slopes, for example, the desired future condition might be an even-aged 
naturally-regenerated stand dominated by pine and maintained by fire. On 
lower north- and east-facing slopes, the desired stand might be an weven- 
aged mixed-species stand dominated by hardwoods such as southern red oak 
(Guercus falcata Michx. var. falcata) and white oak (Quercus - alba L.). All 
possible gradations, from even-aged mixed pine-hardwood and hardwood stands 
to uneven-aged pure pine and mixed pine-hardwood stands, will probably play 
a role in recreating the natural biodiversity of the Ouachitas. 

The Ouachita fdF is currently in the process of establishing a Citizensp 
Advisory Committee. This committee will be comprised of from eight to ten 
people who are recognized by their peers as 'subject matter experts' and 
who represent a diversity of views. Their charge is to assist the Forest 
in describing the desired future condition, 

These questions will be studied through the initiation o f  a two-stage 
research program that makes an initial effort to quantify the broad limits 



of natural regeneration establishent m d  development obtained mder vary- 
ing kinds of even-aged and uneven-aged reproduction cutting methods, In 
Phase I of the research progrm, over the next 2 years, plms are to con- 
figure the overstory to specific residual basal areas in both the pine m b  
hardwood components, and to monitor regeneration of both pines arad hard- 
wods that occurs under each system* The purpose of this research is to 
begin to formulate a crude predictive model for regeneration establistantent, 
Phase 11 of the study will be imposed from years 2-10 of the 10-year p l m -  
ning horizon, and will monitor the development of established regeneration 
(both pines and hardvoods) wder varying levels a d  tactics sf release from 
competition (pines andlor hardwoods), including assessment of mechmical 
treatments as well as chemical treatment, This will allow the expmsion of 
the predictive model to encompass stand development as well, 

Natural regeneration can become established and develop beneath 
seed-tree and sheltemood reproduction cutting methods (hwsorr m d  Kitchens 
1983, hwson 1986), though the effect of increasing residual mixed pine- 
hardwood overstory basal areas on regeneration establishment m d  de- 
velopment is poorly understood. Some combinations of residual overstory, 
such as those that retain high levels of both pines a d  hardwoods, might 
result in a different proportion of established ghe seedlings and harbotsd 
sapling development than that fowld urrder a pure gfne seed-tree stand, 
Quantification of establishent and development oE these eonditisaas is es- 
sential to ensure the perpetuation of even-aged na tura l  stmds in the 
Ouachitas* 

The real challenge in the Ouachitas will be to establish and develop 
natural regeneration of appropriate species composition in meven-aged 
stands (Lawson 1986). This is complicated by the desirability of shortleaf 
pine, which is intolerant of shade (Fowells 19651, and the shaded condi- 
tions promoted by single-tree selection, the reproduction cutting method 
advocated by some of the conservation coalition members, 

Uneven-aged silviculture has a proven record of SUIZCFZSS in Arkiansas, 
based on over 40 years of experience at the Crosset t Experimental Forest, 
in loblolly-shortleaf pine stands on the Upper Coastal Plain of the west 
Gulf region (Remolds 1959, 1969; Reynolds et al., 1984). Some have arwed 
that this experience justifies practicing the method in pure shortleaf pine 
stands in the Ouachita Mountains, despite the differences in forest type, 
physiography, and climate. Furthermore, the prescriptions at Crsssett in- 
cluded control of nontarget hardwoods, initially by repeated cutting and 
subsequently with herbicides, roughly every 10 years. The nontarget con- 
trol aspect, especially the use of herbicides, is a prescription component 
that is omitted by those who advocate trmslation of the system to short- 
leaf pine in the Ouachitas. On the other hand, there is some evidence of 
empirical success with uneven-aged silviculture in shsrtleaf pine, based on 
the evidence that the Dierks family used the method successfully. hother 
industry in the state is curren tly successfully using uneven-aged silvi- 
culture for shortleaf pine in the Ouachitas--though with herbicides as an 
element of the standard prescription* 

The research question, then, from the uneven-aged perspective is not 
much different from that under the even-aged perspective. Studies in Phase 
I will. document the establishment of both pine and hardwood regeneration 
beneath uneven-aged stmds with varying residual stmd structure of both 



pines and hardwoods. This will be implemented using three patterns of im- 
plementation of uneven-aged stand structure--single-tree selection, group 
selection (where there is no residual stand within the groups), and a new 
variat of group selection where a residual stand of seed-tree or shelter- 
wood density is retained within the group. Phase I1 will document the 
development of established regeneration within this overall study design* 

As these studies mature, the operational imposition of natural regen- 
erat ion silviculture using both even-aged and uneven-aged methods will con- 
tinue on the Ouachita W. Additional research will look at related aspects 
of these alternative silvicultural systems: 

- water quality 
- effects on smll als, birds such as neotropical migrants, and 

larger species such as deer, turkey, and bear 
- biodiversity implications 
- logging costs and road system requirements 
- fundmental aspects of silvics and natural regenerat ion biology 
- visual quality. 

Results from these and other studies will allow the Ouachita NF to better 
meet its stated objectives of responsible environmentalism through balanced 
and sustainable multiple-use forestry. 

Conclusions 

The public expects National Forest land to be different and something 
special, full of big trees, with components of old growth, and featuring 
imovative and nonindustrial approaches to agemen to  The pub1 i c expects 
a voice in the design of alternatives and in the makinf_r of decisions. They 
expect pristine aquatic systems, aesthetically-pleasing recreational exper- 
iences, and a management philosophy that parallels and promotes a rich di- 
versity of mtural ecosystems. The opportunity to address these public 
values through management and research represents a once-in-a-career op- 
portunity for Federal land and resource managers, and for the forestry 
research community, A major rethia9ring of how to manage natural resources 
in response to public values is clearly required. To this end, the Ouach- 
ita NF story does not represent the end--but rather the beginning of a new 
perspective in forest stewardship for the 21s t century, 
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Figure I. Porestry retains its psition as the South's '"Top Wicul- 
tural Cropf. 

develop management techniques that will protect the environment in order to 
prevent undue government regulations that would inhibit reasonable, scien- 
tifically-based utilization of the resources to meet all our needs. 

To accomplish these, however, we need your help. When I say 'Vet, I am 
referring to the field foresters, i.e., state foresters, consultants, ex- 
tension foresters, and industry foresters responsible for working with the 
NIPF. 

Our problem is that on the one hand, most of us are mentally geared to- 
ward pine plantations and the tremendous gains in productivity availabk 
from the research success of genetic improved stock, brush and herbaceous 
weed control, etc. On the other, the timberlands we are called on to 
manage are 94 percent in natural stands (Fig. 2). Further, there is likely 
to be little change from this situation as many private landowners prefer 
not to clearcut and/or go to the expense of intensive reforestation. 

To give some background for this, we need to look at a general profile 
of the M P F  1andomer.l Generally, he/she is approximately 59-60 years 
old, retired, or nearing retirement. Their woodland averages only about 
80 ac, and aesthetics and recreation are the highest priority uses for 
their ownership, Carrying an evaluation of goals further, stevardship 
andlor caring for the land as a heritage to pass along to further genera- 
tions is second m d  timber production is third. 

Given this profile of NIPF landowners and their general priorities, 
there are several reasons why they do not do more clearcutting and/or 
artificial regeneration. These include the unattractiveness of clearcuts, 

I A summary of research conducted by Dr. Jacqueline Haymond and Sarah Bald- 
win at CLemson University, and by Larry Dolittle at Mississippi State 
University. 



the high taxes often associat- 
ed with a sipificant increase 
in income, the high reforesta- 
tion costs, and the desire for 
a better cash flow during 

8 percent their lifetimes. Simply put, 
pifie plantation for many landowners a clearcu t 

and replant--which will not 
produce significant additional 
income for 20 years or more--- 
does not fit as well into 
their lifestyles or needs. 

Pimre 2 ,  b i t i e a  of nonindustrial. pri- While this does not mean 
vate forest L a d  omership vs. atlific- that NIPF landowners will not 
id s t a~ tds -  do any elearcutting and refor- 

estation. They will; particu- 
larly here there is a reasonable justification, such as for stands that 
are particularly overmature, offsite, unproductive, or in severe danger due 
to insect or disease, It does mean that we need to find and evaluate other 
mmagernent options that will allow us to maintain stands in a healthy, pro- 
ductive condition, balmcing aesthetic concerns with the need to utilize 
that productivity as well. 

By example, interesting mmagement alternatives for meeting some of 
NXPF needs seem to be within the work of Russ Remolds and James Baker at 
the Crosset Farm forestry forties. Their studies show good stands of lob- 
lolly pine timber could grow 400-500 bd ft/ac/yr even up to the age of 60 
to 70 years sLd (Repolds et al., 1989). Select cutting every 5 years on 
this basis would produce from 2 to 2.5 thousand bd ft/ac, worth $400-500 
/a@, This kind of periodic income cam be much more interesting to a person 
sf sixty as it still leaves an attractive forest for the future while pro- 
viding substantial rewlar income without the high income tax and heavy re- 
forestation expense. 

The Role of Forest Research 

Again, I emphasize we need your help. If the South is to capitalize on 
the productive potential of the NIPF resource, then silviculture research 
is needed to: (1) Focus on how we can better protect, enbance, and utilize 
the existing PgliPF resource; (2) Find a better means to transfer the accumu- 
lative howledge of forest resource to the field forester. 

Specifically, there seem to be several areas of research needed to take 
beHerr advmtage sf the existing NIPF resource. 

1. Growth, yield, and economic malysis for natural stads and mixed 
stmds. As mmagement entails an expense, we need a better under- 
s t m d i n g  of the productivity of natural stands in order to evaluate 
mmagement alternatives and returns. 



2, Selective logging technology to allow selective cutting. We need 
to be able to do it more cost-effectively, with less damage to the 
residual stands. 

3. Identify preharvest stand improvements to reduce future site prep- 
aration costs for artificial regeneration, or encourage natural re- 
generation ( e ' g * ,  prescribed burning, weed and brush control, 
etc.). 

4 .  Ecological and holistic studies (i.e., malyzing the impact of man- 
ipulation of the forest on the entire forest community). 

5. Growth and enhmcement techniques for natural stands. 

6. Forest protection. This is absolutely critical to private landom- 
ers and also one of the best means for reaching them about the im- 
portance of good forestry. 

7, Identification of the regeneration mechanism of the different spe- 
cies to allow more natural regeneration. 

8. New asld less expensive regeneration alternatives such as artificial 
and mixed stands: i.e., regeneration relying both on planting and 
natural regeneration, such as utilizing spot chemical treatment for 
site preparation, then plant fewer pine trees/ac and let the sweet- 
gums, oak, and other hardwoods come up outside the treated spots 
along with the pine. The first few thinnings would, of course, be 
mostly of low-grade hardwood pulpwood, but you will still have your 
major value trees within your pine stems. 

Passing on The Torch 

As more research is done m d  added to historical research, we need a 
better mechmism of passing this accumulated knowledge on the field forest- 
ers. At present, there are essentially only two generally known sources of 
continuing education for field foresters: Southern Journal - of Applied For- 
estry and educational seminars* 

While the Southern Journal of Applied Forestry carries many excellent 
research papers, they tend to focus on artificial regeneration and to re- 
flect new research, which by its very nature is very site-specific and has 
not necessarily been repeated to determine its validity. Therefore, its 
applicability is generally limited* By example, the November 1989 issue 
was randomly chosen: QE its ten articles, six dealt with some facet of pine 
plantation establishent or mmagement. Only one dealt with the silvicul- 
ture of natural stands. 

Seminars and spgosiums are very valuable, but they are also very ex- 
pensive and time consuming to at tend. Even a 3-day seminar can cost from 
$1-$2 thousand in expenses and lost time. While seminars will continue to 



fill a critical role for continuing education, field foresters need publi- 
cations m d  articles that reflect accumulative knowledge as well as histor- 
ical research that is still applicable. 

An excellent example is an article on forest fertilization by W e  Lee 
Allen in the Journal of Forestry (Allen 1987). Be gave an exeellent over- 
view of the results of-years of research; provided basic information, a re- 
view of the present opportunities, and where a forester can find out more 
specific information idr application in his area. Through articles such as 
these, field foresters c G  -recognize possible management opportunities and 
then look further into the research* 

hother example of a very good, educational source is the proceedings 
of a symposiwn, such as those recently published for the Symposium -- on The 
Management - of Longleaf Pine, held at Long Beach, Mississippi, in 1989 (Far- 
rar 2990). It gave an excellent overview of the full management implica- 
tions m d  silvicultural techniques necessary for longleaf pine. This type 
publication is critically important as proceedings not only bring out new 
research, but also the appropriate historical research which may have been 
done years before, is still valid, but would not normally be republished. 
Summary articles in forestry journals referring to proceedings can also 
provide an excellent overview for field foresters, thereby leading them to 
the entire volume for more in-depth study. 

There is no question, development of the MPF resource has to be one of 
- the greatest single opportunities for the South today. It is literally an 

opportunity to 'Have our cake and eat it toof. We cannot only have our 
beautiful southern forests into perpetuity, but also broaden our forest in- 
dustrial base that is so critical for the future economic well-being of the 
South. 

Two basic keys to this opportunity are to develop and utilize manage- 
ment techniques that take advantage of the existing resource at the same 
time that they are better adapted to the needs of the NIPF owners. The key 
to this is to keep the foresters responsible updated on the developments of 
the f i e l d ,  
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INITIAL PROSPECTS FOR NATURAL REGENERATION OF PINE IN 
GOASML SOUTH CAROLllNA AFTER HURRICANE HUGO " 

Earle P. Jones, Jr., David L, Bramlett and Earl R, Sluder 

Abstract. In Spring 1990, 6 months after Hurricme Hugo struck, 
ent observation plots were established to assess pine re- 

generation potential on the Francis Marion National Forest and the 
Smtee Experimental Pores t , in coastal South Carolina. Plots were 
located in foblolly (Pinus -- taeda L. ) and longleaf pine (P. palus- - - 
tris Mill.) stands where timber had been salvaged by skidder, 
horse, or helicopter, or had not been salva~ed. Pre-Hugo stand 
conditions were determined on %-acre plots by measuring iesidual 
trees, stumps, and other debris. Smaller sampie plots were used to 
estimate frequency and coverage of competing -vegetation, including 
hardwood species, shrubs, vines, grasses and herbs. Pine seedlings 
were counted on 10 milacre plots on each Y4-ac plot, and classed by 
ages of (1, 1, or >1 year. Initial results describe the effects of 
Hugo and the different methods of salvage logging on the advance 
pine regeneration. Preliminary review of the data shows a paucity 
of longleaf pine regeneration, but there are plenty of loblolly 
pine seedlings, even from the 1989-90 crop, on some sites. Devel- 
opment of hardwood and shrub competition under more open stand con- 
ditions will be an important factor in the success of pine regen- 
eration, These data will provide baseline information to docment 
the establishment of pine regeneration, and subsequent measurements 
will assess the actual pine component of growing stock over the 
next 2 decades. 

Hurricane Hugo was perhaps the 
worst storm to hit the east coast of 
the United States this century. Be- 
sides doing tremendous damage to 
homes, utilities, and other man-made 
objects, it devastated forest re- 
sources in the coastal plain of 
South Carolina. An estimated 4 

"aper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, 224, Oct. 30-Nov. 
1, 1990. 

Research Forester, Project Leader, 
and Research Forester, Southeastern 
Forest Exp. Sta., Dry Branch, GA. 

million acres of forest were damaged 
in 23 counties sf South Carolina, 
with severest damage in seven coun- 
ties (Fig, 1). 

The brunt of the storm was felt 
on the 250,000-ac Francis Marion 
Hat ional Forest (FMNF) , located 
north of Charles ton immediately in- 
land of the coastal marshes. Hugo 
roared ashore on the evening and 
morning of September 21-22, 1989, 
with windspeeds that exceeded 135 
mph. 

Prior to Hugo, the FmF had some 
of the finest Gblolly (Pinus taeda -- 
L.) and longleaf (P. palustris 
Mill.) pine timber in the Southeast, 
and rnaray acres of prime hardwoods 



Counties 

Counties 

Countlee with LIGHT DAMAGE 

growing on wetlands. It supported 
the larges t concentration of the 
endangered red-coekaded woodpeckers 
(Picoides borealis Vieillot) (RW) 
in the world. The RCW lost about $7 
percent of their cavity trees ts 
the hurricme (USDA Forest Service 
1990) * On the F , muck of the 
timber 9 inches dbh a d  larger Mas 
broken off, uprooted, or left lean- 
ing, m d  It was not wcomon for 
pine trees 24 inches and larger to 
be broken off or uprooted, Most of 
the large pine trees left standing 
suffered a high degree of crown 
brehge, thereby hampering the 
seed production for at least a 
couple of years. 

The pine and hardwood debris 
was 1 to 4 ft deep on the forest 
floor and obviously would lessen 
prospects for replacement seedling 

catches. Uprooted trees Left root mts protruding above the litter* Wow- 
ever, blowdown was not miform across the National Forest and some stands 
had a few pines remaining, perhaps enough for an, eventual seed tree or 
light shelterwood stand- Imediate National Forest plans were to salvage 
as much wood as possible, but to leave standing trees with less than a 45- 
degree lean as potential seed sources a d  RW foraging a d  nest ing sites. 

The objectives of our research are to observe and docment the effects 
of this najor hurricme on the ecolom sf pine forest types. 86 particular 
interest is how the heavy debr i s  m d  the rapid increase in competing spe- 
cies will affect the establishenk arad growth of existing and new seedling 
crops. This paper describes the data csklechion process and some initial 
observations and comparisons . 

Study plots were i n s t a l l ed  during February-May 1990, 6-9 months after 
the hurricane, on the Witherbee Rmger District and the Santee Experimental 
Forest in the southern-most corner of Berkeley Couty, South Carolina (Fig. 
I). Sample s tmds  represented different methods of logging used to salvage 
loblolly and longleaf pine sawlogs (Table I), Five longleaf m d  three Isb- 
lolly pine stands were selected, Longleaf is a highly desirable species 
for timber products, RW habitat, and aesthetic values, a d  the post-Hugo 
regeneration will be cr i t ical  for the  maintenance of this species on the 
FMNF. The initial plarn was to have 20 smple points in each s t a d ,  but 



Species No salvage Horse Skidder Helicopter Total 

Loblolly 10 - 10 $0 30 
Longleaf -- 6 35 10 51 

- 

Total. 10 6 45 20 81 

difficult working conditions forced us to reduce the  goal to 10 per stand. 
Three stmds were s m p l e d  in the longleaf-skidder category:: one had 19 
plots, one had 10 plots, and one was large enough for only six plots. Log- 
gers used horses to supplement skidder logging during extremely wet peri- 
ods, therefore, there were not many areas where effects of horse logging 
alone could be observed. 

Smpling points were partially 
randomized w i t h i n  each stmd. They 
were located with respect to a 
baseline along some recog~lizable 
feature such as a tram road. The 
baseline was divided into a number 
of equal-length secents to provide 

ed nrunber sf sampling 
points, and turning points were 
randomly located within each seg- 
ment. From each turning point a 
perpendicular bearing m d  random 
distmce were %&en on each side of 
the baseline to determine the  smp- 
ling point, 

SOUTH At each sapling point three 
sizes of plots  were installed (Fig. 

t of smple 2): a 0.25-ac plot was used to mea- 
plots loclatrsd ah ea& smple pint. sure trees larger thm 4*5  inches 
Plot radii a e :  8-25-ae plot ,  5S888 dbh; a concentric 0.025-ae plot was 
ft; 0-025-ac plot, f8*62 f t ;  m d  used to  comt trees taller than 4.5 
0-081-ac plot, 3-92 f a .  f t ,  but less t h m  4*6 inches dbh; 

a d  ten %-milacre subplots within 
the 0,25-ae plo t  were used to sam- 

ple grousrd cover and vegetation less thm or equal to  4.5 ft ta l l .  hta 
from the 01025-ac plots are not included in this report. In the  field, all 
plot centers were marked with treated wooden st&es which were labeled and 
flagged conspicuously. 



Quarter-acre Plots 
All trees larger than 4.5 inches dbh on the 0.25-ac plots were re- 

corded. Trees were identified as loblolly, longleaf, or shortleaf (P, - - ech- 
inata Mill.) pines, o& (Quercus spp.), sweet (Liquidambar styraciflua 
L. ), black gum (Nyssa sylvatica Marsh. ), and er hardwoods. Eaeh tree 
was assigned to a condition class af ter Hugo: standing tree, stem broken, 
lodged in another , or a stump left after salvage. The estimated 
height of stem bre also was recorded. Dbh was measured to the nearest 
8.1 inch on all standing and down trees, regardless of condition; stump di- 
meter was measured for salvaged trees. Percent root damage and degree of 
lean from vertical were estimated. Thus, a tree recorded as having 100 
percent root damage and 90 degree lean was uprooted and laying on the 
ground. Total height of standing trees was visually estimated as vertical 
height of terminal above the ground. Thus, a 60-f t-long stem with severe 
lean may have been tallied as 30 f t tall. Crom class before Hugo and the 
percent of residual crown after Hugo were estimated. 

Milacre Plots 
Vegetation and ground cover less than or equal to 4.5 ft tall were 

sampled on milacre plots. These plots were established in a prescribed, 
uniform pattern on each 0.25-ac plot (Fig. 2). They were carefully treated 
to avoid- damage by trampling during measurement. Since rapid estimates of 
percent coverage by various vegetation classes is subject to some personal 
bias, virtually all of these estimates were made by a single experienced 
technician. 

Without disturbing the milacre, the percent coverage of non-pine vege- 
tation was estimated in five broad categories: herbaceous (forbs and leg- 
umes other than grass), grasses, shrubs, vines, and overtopping hardwoods. 
Percent coverage of debris on the milacre was estimated for heavy (3 inches 
diameter and larger) and light material, and each of these was categorized 
as either suspended or on-the-ground debris. Of course, most of the debris 
was a result of Hugo, but no attempt was made to quantify the proportion, 
The percentage of exposed soil was estimated. Since milacre coverage in 
these several categories may be layered, their sum may exceed 100 percent. 

Loblolly and longleaf pine seedlings less than or equal to 4.5 f t tall 
were counted if they could be found without much disturbance to the debris 
and vegetation on the milacre. Seedlings were recorded in three age 
groups: those germinated in 1988 or earlier (>1 yr old), germinated in 1989 
(I y r  old), or germinated in 1990 ((1 yr old). The 1990 germinants were 
assumed to be from the seed crop that was mature in the fall of 1989, and 
just ready ts be cast when Hugo hit in September. 

The best pine seedling on each milacre was selected and marked with a 
blue flag. Another seedling was taken at random and marked with a red 
flag, asld if seven or more seedlings were present, a second random seedling 
was marked with a green flag. For each selected seedling, a detailed rec- 
ord was made including: age (as described above), vertical height to the 
nearest 0.1 ft in whatever posture the seedling was found, and up to 4 
seedling conditions (such as healthy, free-to-grow, bent, under debris, 
broken, we&, m d  overtopped by hardwood). 



Data from field tally sheets were transferred to computer files and 
verified. SAS procedures (SAS Institute 1987) were used to sumarize m d  
analyze the data. Published equations (McGlure 1968) were used to convert 
stump measurements to dbh before Hugo. 

Table 2. Stock and stand data before (reco~tmcted) and af tes Hurri- 
e Hugo, and percentage of original k a f  area residual after Hugo, 

by st& and salvage method. 

Loblolly pine stands 

Salvage Bef ore (reconstructed) After 
met hod Trees/ Basal Average Trees/ Basal Pct BA 

ac area dbh ac area residual 

no, ft2/ac inch no. ft2/ac percent 

No salvage 168 106 10.7 54 19 18 
Skidder 56 80 16.3 3 1.4 2 
Helicopter 139 107 11.9 27 12 11 

Longleaf pine stands 

Horse 54 63 14.7 7 9 14 
Skidder 52 54 13.8 5 4 7 

80 67 12.4 20 10 15 
65 65 13.5 13 10 15 

Helicopter 128 102 12.0 77 53 52 

Percent basal area residual = basal area after Hugo i before Hugo. 

Results And Discussion 

The 0.25-ac plot data indicate stand conditions prior to and imedi- 
ately after Hugo (Table 2).  These observations establish baseline data 
from which stand recovery will be measured. Stocking prior to the storm 
probably was underestimated because some stumps were hidden under the heavy 
debris. It was surprising that the stand where no timber was salvaged had 
only 106 ft of basal area before Hugo, even though it had not been cut in 
more than 30 years. Although the mean dbh before Hugo in that stand was 
only 10.7 inches, some trees were up to 27 inches dbh They were the lar- 
gest tree diameters of any of the eight stands surveyed, One of the long- 
leaf stands salvaged by skidder had the lowest stocking of 52 trees/ac and 
54 ft2 of basal area before Hugo, That stand had recently been thinned. 

Residual trees were classed as standing if their lean was less thm 30 
degrees and root damage was less thm 20 percent, It was impossible to 
elasely estimate root damage unless the tree was obviously uprooted* The 



residual basal area as a percent of that before &go (Table 2) reflects the 
extent of overall d e. The relatively high 18 percent of original basal 
area remaining after Hugo on the "no salvage" stand is due to the fact that 
no leaners were cut. A high of 52 percent residual for longleaf-helicopter 
indicates that this type logging was least destructive. 

by c ts of low vcyyetation, overtopping 

Loblolly pine stands 

Salvage Low vegetation Overtop. Small debris Total Bare 
met hod Herbs Grass Shrubs Vines Total hdwd. Susp. Ground Susp- Ground debris soil 

No salvage 1 1 5 2 9 43 5 1 28 99 133 < 1 
Skidder 1 11 5 1 18 2 2 4 9 72 86 27 

< 1 16 8 2 26 22 8 3 34 98 144 1 

Longleaf pine stands 

Horse 17 11 23 < 1 52 1 3 1 11 90 104 9 
Skidder < 1 2 5 < 1  7 ( 1  1 2 3 57 63 42 

1 3 18 < 1 23 6 3 4 8 77 92 22 
3 11 6 0 2 0 ' < l  2 1 12 77 91 22 

Helicopter 2 11 47 < 1 60 10 4 2 15 98 120 < 1 

Competition will increase dramatically in the next few years as veg- 
etation fills in the openings created by Hugo. Milacre plot data provide 
baseline estimates of competition for the pine seedling crop at the be- 
ginning of the first response year (Table 3). Grasses were the most prom- 
inent species in the loblolly stands, while shrubs were most prominent on 
longleaf sites. Vines were few in all cases. The high totals for low- 
growing vegetation on helicopter- and horse-logged stands indicate that 
these methods did considerably less site d e than did skidder logging. 

Pine seedlings must also compete with Hugo debris on the si tee Small 
debris on the ground, mostly pine and hardwood leaves and twigs, constitute 
the greatest problem for the new seedlings (Table 3). Xt is interesting 
that large debris (over 3 inches in dimeter) has a rather small impact on 
the microsite, averaging no more than 8 percent coverage in any stand, 
Power skidding did a much better job of reducing total debris loading than 
horse and helicopter logging did. By the same token, skidders exposed much 
more bare soil, which is more favorable for pine seed germination. 

The advmce pine seedlings from 1989 and earlier are the most reliable 
portion of the new seedlings for stand recovery (Table 41, both in the lob- 
lolly and longleaf pine stands. When these measurements were made in the 



spring of 1990, new 1990 germinmts were very sparse for loblolly and en- 
tirely absent for longleaf. One exception is the 4,200 loblolly seedlings 
on the loblolly skidder site* This s tmd is the closest to the coast, and 
was perhaps the most severely damaged by Hugo, of the eight stands sampled. 
But cones were mature, and the extensive salvage of the stand with skidders 
exposed bare soil and distributed unopened cones while moving the tree 
tops. The aggressive nature of loblolly pine is demonstrated by the large 
number of its seedlings in longleaf stands. There were virtually no long- 
leaf seedlings in loblolly stands. In the stands sampled, it appears that 
the advance regeneration from the 1989 and older germinations of both spe- 
cies may be enough to maintain the areas as pine type, barring losses to 
competition. 

Table 4. Pine seedlinyf d-30 ,  sewat& by spcies an8 year o f  gedmtion, by 
stand and salvage nneficxl. 

Loblolly pine stmds 

Salvage Both 
me t hod 1988+ 1989 88-90 1990 

No salvage 1,610 730 2,340 LO 10 0 10 0 2,350 
Skidder 700 370 1,070 4,200 G 0 0 0 1,070 
Helicopter 3,300 1,280 4,580 180 0 0 0 0 4,458 

Longleaf pine stands 

Horse 450 17 467 50 5,633 0 5,633 0 6,100 
Skidder 121 21 142 26 1,458 205 1,663 0 1,805 

2,690 320 3,010 0 8,110 30 8,140 0 11,150 
317 17 333 233 7,517 0 7,517 0 7,850 

Helicopter 800 710 1,510 140 400 0 400 0 1,910 

Percent milacre stocking is a more useful measure of regeneration sue- 
cess, especially if suppressed seedlings are excluded (Table 5). A milacre 
stocking of 50 to 60 percent usually indicates successful regeneration, and 
looking at the "all pines'hategsry (seedlings of any age or species), the 
percent milacre stocking values look very favorable in 5 of the 8 stands 
studied: However, if the free-to-grow standard is imposed, none would meet 
the 50 percent success criterion. The impact of the 4,200 germinants/ac 
for 1990 is again seen in the loblol ly  skidder stand. Because they were 
small, succulent, and at high risk at the time of observation, very few of 
these germinants were considered free-to-grow. When discounts for growing 
condition and competition were imposedl the milacre stocking was reduced 
from 79 to 8 percent. 



Table 5. Pine seedling milacre stocking, by stand and salvage method. 

Loblolly pine stands 

Salvage method 
Free-to-grow, 88-89 

All pines Loblolly Longleaf 

No salvage 
Skidder 
Helicopter 

Longleaf pine stands 

Horse 
Skidder 

Helicopter 

Does not include the 1990 seedlings for which there were 61 percent 
milacre stocking, a d  49 percent free-to-grow. 

Table 6 .  Average height of "best seedlingw, by stand and salvage 
mthod* 

Loblolly pine stands 

Salvage method 
Loblolly seedlings Longleaf seedlings 
1988+ 1989 1990 19886 1389 1990 

No salvage 
Skidder 
Helicopter 

Horse 
Skidder 

Helicopter 



The advance regeneration seedlings growing under the cover of the pre- 
Hugo stmd are not very tall (Table 6 ) .  Average heights of the 'fbesttf 
seedlings are no more thm 1*75 ft for loblolly pine, and 0.21 ft for 
longleaf. The tallest longleaf seedling observed was only 1.8 ft tall* 

Gonclw ion 

Our initial data on the recovery of the Hugo-damaged pine stands are 
representative of the Francis Marion National Forest* It will be interest- 
ing to follow remeasurements of these stands, and to compare the develop- 
ment of advance pine regeneration and future seed crops with the develop- 
ment of the competing species. We would expect to see a gradual breakdown 
of the debris left from Hugo, and the different logging operations certain- 
ly had different effects on the microsite. The next seed crop in response 
to Nugo "release" sbQuPd be expected in October of 1992. We have already 
bepn an assessment of cone crop and crown recovery on these plots. In 
1990, midsummer shoat development on the crowns was considerably behind 
what is normahly expected for that point in the season, perhaps a result of 
root wrenching* 

For operational forestq in Hugo-dmaged stands, a wait-ad-see pre- 
scription may be best for most natural loblolly pine stands. Prospects for 
natural longleaf pine stands are not good. They may require careful treat- 
ments, including artificial regeneration to reestablish the species. 

The authors wish to acknowledge the assistance of John DuPre and W.R. 
Harms in locating study areas on the Witherbee District and Santee Experi- 
mental Forest, respectively, 
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INFLUENCE OF NURSERY FERTILIZATION, SITE QUALITY, 
AND WEED CONTROL ON FlRST-YEAR PERFORMANCE OF 

OUTPLANTED LOBLOLLY PINE " 

Brad L, Barber, J *  Suz e Messina, Joh es Ps van Buij tenen, 
a d  Margot M. Wall 

Abstsaet* Loblolly pine (Pinus -- taeda L.) seedlings gram in the 
nursery wder various pre- and post-sown nitrogen fertilization 
regimes were outplanted on a poor site and a good site in east 
Texas, md several herbaceous weed control treatments were com- 
pared. Post-sowing fertilization significantly increased survival 
on the poor site but had little effect on the good site. Pre- 
sowing fertilization had little effect on survival at both sites. 
Post-sowing fertilization had a positive impact on first-year size 
of the seedlings; however, use of initial seedling size as a covas- 
iate reduced statistical sipificance in most cases. Weed control 
greatly improved first-year performance of seedlings on the poor 
site but only slightly improved perfor ce on the good site. 

Survival of plated pines is 
most critical during the first grow- 
ing season. If seedlings c m  estab- 
lish their root systems soon after 
planti~rg and can survive that first 
season, they will likely grow to be 
a part of the future stand, at least 
until interspecific competition sets 
in or until thinning occurs, Seve- 
ral strategies exist for increasing 
firs t-year survival of planted 
pines. Among these include planting 
good quality seedlings and control- 
ling weeds around the seedlings* 

Paper presented at Sixth Biennial 
Southern SilvicuBtural Research Con- 
ference, Memphis, "g"PJ, Oct. 30-Nov, 
1, 19901 

Staff Forester, forrner Staff For- 
ester, a d  Department Head, Texas 
Forest Serve ; w d  Graduate Research 
Assistant, Forest Science Dept., 
Texas A&M Univ*, College Station. 

Nitrogen (N) is of-en added to 
nursery soils to produce better 
quality bare-root seedlings (Davey 
1983, Nay 1985). Additions are made 
either before seedbed preparation or 
during seedling development* When N 
is added during development, top 
dressings are usually made in sever- 
al equal increments. However, re- 
cent data show N additions made at 
increasing increments that follow 
the development of seedlings may 
produce better quality seedlings 
(Timer and Armstrong 1987; Bris- 
sette et al., 1989). 

In addition to planting quality 
seedlings, herbaceous weed control 
has proven effective in increasing 
both survival and grovth of newly 
planted pines (Nelson et ale, 1981; 
Metcalf 1986; Zutter et al., 1986; 
Creighton et al., 1987; Mitchell et 
al., 1988; Schaenkoltz and Barber 
1989). By decreasing the competi- 
tion for sail moisture, planted 
seedlings are given the opportunity 
to establish their root systems be- 
fore the cornonly experienced dry 
periods occur in s 



The study described here was an extension of another study done where 
the effects of various N fertilization regimes in the nursery were investi- 
gated in relation to seedling quality. Seedlings produced in the nursery 
study were outplanted on a poor and a good site in east Texas. This paper 
reports first-year field performace of these seedlings with and without 
weed eon t rol . 

Nursery Fertilization 
AS- part of another study, improved loblolly pine (Pinus taeda L.) seed- -- 

lings were grown under various nitrogen fertilization regimes at Terns For- 
est Service's Indian Mound Nursery near Alto in ~herokee County. The soil 
at the nursery is an Amite/lh/Bibb sandy clay loam. Seed were sown on 
12 April 1989. Seedbed density was 290 seedlings/m2. 

onium nitrate) was applied using one of three methods: (1) 
Pre-sown -; before seedbed preparation; (2) Equal post-sown -; during 
growth in five equal increments; (3) Exponential post-sown -; during growth 
in five exponentially-increasing increments. Pre-sown levels were 0 ,  22, 
45, and 90 kg/ha (Table 1 ) .  In addition, pre-sown treatment plots were 
top-dressed with 30 kg/ha in August. Total seasonal levels for equal 
post-sown treatments were 0 ,  84, 168, 336 kg/ha. The exponential post-sown 
treatment was 168 kg/ha applied as 5.4, 10.8, 21.5, 43.0, and 86.0 kg/ha 
increments. Post-sown top dressings were done every 3 weeks beginning 6 
weeks after sowing, 

Table I. Nitrogen fertilization rqimes. 

Method Before Weeks after sowing Total 
seedbed 6 9 12 15 18 seasonal 

preparation rate 

Equal pos t-som 
11 

Exponent iaZ post- 



Treatments were arranged in a rmdomized complete block design with 
three blocks. Pre-sown plots were 1.2 x 6.1 m and post-sow plots were 1.2 
x 2,4 m, Pre-som treatments were applied to one bed while post-sown 
treatments were were applied to an adjacent bed. Therefore, pre- and post- 
sown treatments were treated as separate experiments. 

Study Areas 
Seedlings were outplanted on two open land areas in east Texas having 

differing site quality. One area, considered a poor site, is located in 
Anderson County (Fig. 1). The soil on this site was a Darco fine sand hav- 
ing a site index at 50 years of 21 m for loblolly pine. The other area is 
considered a good site and is located in Upshur County. The soil on this 
site is a Bowie fine sandy loam having a site index of 26 m. 

Vegetation on the poor site included soft golden aster [Heterotheca pi- 
Posa (Nut t. ) Shimers] , sunflower (Hexianthus uus I.,. ) , snakecotton 
P 

[Froelichia floridma (Nutt.) Moq.], slender goldenweed [Croptilon divari- 
catum (Nut t . ) Raf .I, purple sandgrass [Triplasis purpurea (Walt. ) Chapm. I, 
woolly croton (Croton capitatus Michx.), partridge pea (Cassia fascicula- 
ta Michx.), horseweed [Conyza canadensis (L.) Cronq.], threeam [Aristada - 
desmantha Trin. & Rupr.), sandbur (Cenchrus incertus M.A. Curtis), slender 
crabgrass [Digitaria filiformis (L.) Koel.], rough buttonweed (Diodia -- ter- 
es Walt.), trailing wildbean [Stropholytes helvsla (L.)  Ell.l, ragweed (Am- 
7 

brosia art imissi f olia L. ) , and bullne t tle [Cnidoscolus texana (Muell. ~ r f i  
Small]. 

Vegetation on the good site included purpletop [Tridens flaws (L.) 
Hitchc.], wild-honeysuckle (Gaura filiformis Small), horseweed, partridge 
pea, wooly croton, ragweed, bermudagrass [Cynodon dactylon (L.) Pers.], 
camphorweed (Heterotheca latifolia Buckl.), splitbeard bluestem (hdropogon 
ternarius Michx. ) , broomsedge (hdropog~n virginicus L. ) , pmicgrass (Pm- 
i c w  spp.), paspalurn (Paspalum spp. ), dewberry (Rubus spp. ), and late- - 
flowering eupatorium (Eupatorium serotinum Michx.). 

Plot Establisbent 
On each site, plots were laid out in three randomized complete bloc& 

with respect to nursery fertilization regime. Blocking was such that seed- 
lings occurring within a particular block in the nursery remained blocked 
together in the field. Each plot contained 72 measurement seedlings. Buf- 
fer seedlings were also planted on the perimeter of each plot. Seedlings 
were planted at spacings of 1.5 x 1.8 and 1.8 x 2.7 m on the poor and good 
sites, respectively. 

Weed Control 
Weed control was applied to half of each plot. Within the weed control 

side of each plot, a three by two factorial treatment structure was used 
consisting of three herbicides or herbicide mixtures and two application 
dates- Treatments differed between the two sites. On the poor site where 
the soil was a fine sand, herbicide treatments were: (1) 0.2IT$ ai/ha 
hexazinoneT; 0.11 kg ai/ha sulfometuron methyl (12 oz/ac Velpar L plus 2 
ozlac Oust ); (2) 0.28 kg ai/ha hexazinone 4- 0.17. kg ai/ha sulfometuron 
methyl (16 oz/ac Velpar L plus 2 oz/ac Oust); (3) 0.16 kg ai/ha sulfomet- 
uron methyl (3 oz/ac Oust). Applications were done on 14 April or 19 May. 
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Survival Volume Index 
(Y (mi 

Figure 1. Locations of study sites. 2. First 
i n d a  of pines grodng on 

both sites here s a d  control was 
not ,applied. 

Table 2. Probabilities of a greater P value occurring (p value) as by regression 
analysis for linear effects and seedling parameters for the goor md 

Pre-sown fertilization Post-sown Fertilization" 
Parameter Analysis2 N rate Weed Covariate N rate Weed Covariate 

control control 

ArcSurvl 1 0.4505 0.0001 - 0.0296 0.0001 - 
2 0.2355 0.0001 0.5563 0.3141 0.0001 0.3204 

Btl 1 0.0683 0.0014 - 0.0231 0.0004 - 
2 0.6142 0.0001 0.0007 0.0133 0.0003 0.1267 

ArcSurvl 1 0.8904 0.4347 - 0.3578 0.3523 - 
2 0.5392 0.5179 0.3091 0.4018 0.3682 0.9672 

Htl 1 0.4004 0.1779 - 0.2051 0.0401 - 
2 0.6258 0.1302 0.0162 0.4272 0.8357 0.0051 

Post-sown analysis does not include exponentially-increasing treatment* 
Covariate inculded in analysis 2. 



Poor Site 
Survival Height Although there appeared to be a 

slight interaction between pre-sown 
(em) rate d weed control, no signifi- 

9o cant effect on survival occurred 
80 for pre-sown fertilizer treatments 
'PO (Table 21, mere weed control was 

50 
used, survival was greatest (97 

4o percent) for the O klha N level. 
r) Where no herbicides were used, sur- 
20 vival generally increased with in- 
to creasing rate* 
0 

P n r - w n  ~ o s t - ~ ~ w n  First-year growth was signifi- 
cantly increased by post-sown N ad- 
di tions (Table 2) * However, much 
of the growth performance can be 

Diameter Volume Index attributed to initial size of the 
(mm) (w) seedlings. Although no significant , Xi effects wre found for initial val- 

Figure 3. First-y 
height, vomdliine 
volume index of pines wonng an 

site for vmious nursery 
fertilization rwi~~kes e t h  

and without w d  cantrole Lower 
portion of eackr k indimtes vd- 
ues as U F ~  s"hortly after out- 
plant ing. 

ues, when these values were inclu- 
ded as covariates (initial diameter 
for first-year diameter, initial 
height for first-year height, and 
initial volume index for first-year 
volume index) significance levels 
for linear effects dropped dramat- 
ically for dimeter and volme in- 
dex. Significance actually in- 
creased for height when initial 
values were accounted for. There- 
fore, post-sown N additions in the 
nursery increased first-year height 
of outplanted pines beyond that I 

which can be attributed to initial 
height. Wile seedlings grown un- 

i 
I 
I 

der exponentially increasing M in- 
crements in the nursery were larger 
after one growirag season in the 
field than those grown under the 
same total mount of seasonal N ap- 
plied in equal increments, the dif- 
ferences were not statistically 
significant, i 

I 
Addition of pre-sown N had no significant effect (p = 0.05) on either 

initialmor first-year size parameters of the seedlings. However, there did 
appear to be a slight negative trend with increasing pre-sown N rates. In- 
deed, at the p = 0.0683 level, height declined with increasing pre-sown 
rates. 

ll M levels regardless of whether weeds 



Good Site were controlled (Pig. 4). There was 
Survival Height no significant effect on survival 

(cm) o& N fertilization in the nursery 

Diameter Volume index 
(mm) (66) 

P~bsown Post Presown Posl-sovnr 

Figure 4. First 
height, grouldline 

ndex of pines g r o e ~  on 
site for various n u r s e q  

nitroga fertilization regimc3s wjittl; 
and without W& control. hver  
portion of each 
itid values as 
after outplanting. 

for either pre- or post-som treat- 
ments (Table 2). Survival ranged 
from a Pow of 86 percent for 45 kg/ 
ha pre-sown N with no weed control 
to 98 percent for 0 &/ha post-sown 
M with  weed control. 

Although not significant, there did 
appear to be a slight reduction in 
survival as post-som N level in- 
creased, especially where weeds 
were not controlled. 

There were no significant lin- 
ear effects of post-sown N addi- 
tions on first-year height, di- 
meter, or volume index although 
values for all three size paramet- 
ers increased with increasing post- 
s o w  N. The 168 and 336 kglha 
equal-increment additions and the 
168 &/ha exponential-increment ad- 
dition resulted in approximately 
25, 25, and 80 percent greater 
height, dimeter, and volume index, 
respectively, than was shown for 
the 0 &/ha rate. There was very 
l i t t l e  difference in size of first- 
year seedlings between equal and 
exponentially-increasing post-sown 
fertilization regimes. 

No simificant effects were de- 
tected mong pre-sown N additions 
for my size parameter. However, 
as occurred on the poor site, the 
largest seedlings after one growing 
season in the field were those 
grown where no pre-sown nitrogen 
was added. 

Weed Control--Poor Site 
Pines responded dramatically t o  chemical weed control. Both survival 

and size of the seedlings after the first growing season were very sig- 
nificantly ( p  = 0.0001) greater for seedlings growing where weeds were con- 
trolled than those where weeds were not controlled (Fig. 5). Survival 
where weeds were controlled varied from 84 to 95 percent compared with only 
56 percent for check plots. There were no significant differences in 



$001 Site 
Suwivraf Weight 

(%I (cm) 

Diameter 
(mm) 

Volume Index 
(cc) 

survival mong the three herbicide 
mixtures. However, significantly 
more pines survived where herbici- 
des were sprayed in April than in 
May .. 

No sil;tnificant differences were 
detected in height, diameter, arrd 
volume index among the three herbi- 
cide treatments or between the two 
application dates. Pines responded 
most to 0.21 kg ai/ha hexazinone + 
0.11 kg ai/ha sulfometuron methyl 
applied in April* This weed con- 
trol treatment resulted in 18 per- 
cent taller seedlings and 41 per- 
cent greater diameter than check 
seedlings. Volume index, which i s  
more indicative of crown size, was 
136 percent greater for this treat- 
ment than for the check. 

Weed Control--Good Site 
Weed control did not signifi- 

cantly increase survival although 
survival on check plots was lower 
than for any of the weed control 
treatments. Survival for check 
plot seedlings was 91 percent while 
survival for weed eon t rol treat - 

Application Date ments ranged from 92 to 96 percent 
(Fig. 6). 

Pines responded much less to 
weed control on the good site than 
on the poor site. Significant dif- 
ferences (p = 0.05) occurred among 
the herbicide mixtures (Table 3). 
Imazapyr stunted the seedlings. 

Height of imazapyr-treated seedlings at the end of the first growing season 
was only 73 percent that of check seedlings. Diameter for imazapyr-treated 
seedlings was no different from check seedlings. Greatest growth response 
was obtained with 0.42 kg ai/ha hexazinone + 0.11 kg ai/ha sulfometuron 
methyl. Although height was only 6 percent greater than check plot seed- 
lings for this treatment, diameter and volume index were 25 and 72 percent 
greater, respectively. 

A herbicide mixture x application date interaction occurred. April ap- 
plication of 0.42 kg ai/ha hexazinone + 0.11 kg ai/ha resulted in signifi- 
cantly larger pines than Nay application (Table 3). 



Good Site 
Survival Height 

(",'.I (cm) 
Discussion 

Applying Ed during development 
of seedlings in the nursery in- 
creased survival on the poor site 
and growth on both sites. Much of 
the first-year performance could be 
attributed to the initial size of 
the seedlings-- the bigger the 
seedling produced in the nursery, 
the better the performance in the 
field. On the site, there was 
a definite positive correlation be- 
tween seedling size and survival. 
Perhaps fertilization increased the 

Diameter Volume Index potential for root growth by in- 
(mm) (CC) creasing the size of the seedlings 

B 4o or increasing the tissue N concen- 
7 35 tration, or both. This greater po- 
@ w tential may have allowed fertilized 
5 25 seedlings to become established 
4 2a sooner and thus survive and grow 
3 15 better. On the good site, where 
2 lo moisture and probably nutrients 
I 5 were not as lacking, survival was 
0 o excellent for all nursery fertili- 

za t ion regimes. 
Application Date 

On the poor site, top dressings 
applied in exponentially increasing 
increments resulted in better 1st- 
year performance than when the fer- 
tilizer was added in equal incre- 

indw of pines growing on ments in the nursery. Timmer and 
for various weed  Arms t rong (1987)a t t r i bu t ed the in -  

creased yield obtained from expo- 
nential additions to improved nu- 
tri t ion of seedlings when supplied 

with nutrients at rates matching the varying demands of the plant. On the 
good si te, however, the equal increment regime gave slightly better 
results. 

Applying N before the seed was sown did not result in better first-year 
ce. In fact, there appeared to be a slight negative effect (al- 

though not statistically significant) with increasing pre-sown levels. The 
reason for this is not known. Applying fertilizer before seed germination 
may have had a toxic or inhibiting effect on early seedling development in 
the nursery. Even applying just 22 &/ha appeared to be detrimental to 
first-year performance. 



Table 3- Results from Duncan's Nex Hdtipl Test for variow 
weed control treat d at the good site Eac- 
tor levels having letters are not si 
0.05). 

CP 

Factor level Wtl D1 LogVl 

0.42 k g  ailha hexazinone 
+ 0.11 kg aifha sulfometurol methyl 

0.16 kg ailha sulfometuron methyl 
0.28 kg aelha imazapyr 
Check 

0.42 kg ai/ha hexazinone 
+ 0.11 kg ai/ha sulfometurol methyl 

April 12 
May 16 

Weed control benefitted seedlings most on the poor site. All weed con- 
trol treatments significantly increased both survival and growth of seed- 
lings on the poor site. The best herbicide mixture was 0.21 kg ai/ha hex- 
azinone + 0.11 kg ai/ha sulfometuron methyl (12 oz/ac Velpar L + 2 oz/ac 
Oust). This mixture not only resulted in greatest survival and growth, but 
is also the least expensive treatment used. Very low rates of hexazinone 
are needed on dry sandy soils--higher rates may result in damage to the 
seedlings. 

Pines responded much less to weed control on the good site than on the 
poor site. East Texas received good rainfall throughout spring and early 
summer in 1989. Perhaps if 1989 had been dryer, relative perfor 
seedlings receiving weed control would have been better than those growing 
where weeds were not controlled. Although there was no detrimental effect 
on survival, imazapyr at 0.28 kg ae/ha (8 oz/ac Arsenal) significantly 
stunted the seedlings, The product label calls for 6 to 10 oz/ac. Possib- 
ly, lower rates may provide adequate weed control without significantly 
stunting seedlings. 
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THREE-YEAR FIELD COMPARISON OF NATURAL 
LOBLOLLV PINE REGENERATION 

WITH lMPROVED CONTAINER STOCK " 

Michael D. Cain and Jmes P* Barnett 

Abstract. A field study compared genetically improved, container- 
grown loblolly pine (Pinus -- taeda c )  seedlings with naturally es- 
tablished loblolly seedlings on a cutover pine site in southern 
Arkansas. Pines on !‘XI percent of all plots were ually released 
from woody and herbaceous competition within a 2-f t radius. Af ter 
3 years, release treatments resulted in statistically significant 
growth gains and better susvival for pines in both regeneration 
techniques. Mean differences between planted and naturally seeded 
pines were not as great as those ackieved by competition control. 

About 75 percent of the loblolly 
pine (Pinus taeda L. ) acreage in the -- 
South originated from natural seed- 
fall, and this regeneration method 
remains important for perpetuating 
the species as a commercial 
resource. By using seedtree, shel- 
terwood, selection, or patch clear- 
cut methods, landowners can regen- 
erate pine sites by natural seeding. 
The advantages of natural regenera- 
t ion include lower es tablishent 
cost, less labor and heavy equip- 
ment, better early root system 
development, and no problems with 
geographic origin of seed if 
previous generations were natural to 
the area* 
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1, 31990. 

2SiEviculturis t and Principal Silvi- 
culturist, USDA Forest Service, 
Southern Forest Exp. Sta.; Monti- 
cello, AR, and Pineville, LA. 

There are also disadvantages to 
natural regeneration compared with 
artificial techniques. One fre- 
quently cited disadvantage is the 
lack of genetic improvement. Recent 
estimates from tree improvement pro- 
grants indicate that volume gains may 
be as much as 12 percent for loblol- 
ly pine at 25 years of age (Jett 
31988). However, this disadvantage 
can be somewhat reconciled by leav- 
ing the best pines as seed producers 
so that their progeny will be well- 
adapted to the site (Zobel and 
Talber t 1984). 

According to Zobel and Talbert 
(1984), it is unrealistic to assume 
that: improved trees can be planted 
in aggressive competing vegetation 
with little care and still grow out- 
standingly, Yet, many forest land- 
omers desire low-cost regeneration 
alternatives that may necessitate 
outplating or seeding in less than 
sptimm site conditions. Therefore, 
information is needed on the growth 
potential of improved pine seedlings 
compaed with natural pine regener- 
ation when both are established fol- 
lowing minimal site preparation. 



Container-grown seedlings were used in the present study because they 
provide an efficient use of genetically improved seed, are quickly pro- 
duced, and have an extended planting season (Barnett and Brissette 1986; 
Elliott 1986). 

Naterials And Nethods 
Study Area 

The study was initiated in a 5-ac clearcut on the Crossett Experimental 
Forest, Ashley County, Arkansas. Soil is a Bude silt loam (Glossaquic Fra- 
giudalf), and the site index is 85-90 ft at 50 years for loblolly pine. 

The clearcut was made in s r 1985 to salvage approximately 11,000 
fbm/ac (Doyle) of pine sawlogs that were infested and killed by southern 
pine beetles (Dendroctonus frontalis Zimme;~). In April 1986, the 
clearcut was treated with hexazinone (Velpar L) at the rate of 3 lb a.i. 
/ac using herbicide spot s on a 3- by 3-43 grid to control nonpine veg- 
etation. A few residual hardwoods taller than 6 f t and not killed b~~Vel- 
par were injected with a 50-percent solution of glyphosate (Roundup ) in 
summer 1987. 

Study Ins tallat ion and Treatments 
Twelve plots of 0.2 ac each with subplots of 0.09-ac were established 

in the clearcut to accommodate 121 planting spots on a 9- by 9-f t spacing. 
Two establishment techniques--planting container-grown seedlings and 
natural regeneration--were randomly assigned to each of six plots. On 
three planted plots and on three naturally seeded plots, the measurement 
pines were released from over topping woody and herbaceous compe t i t ion 
during the growing season for 3 consecutive years. 

Loblolly pine seeds for the container stock were obtained from the Kis- 
atchie National Forest Seed Orchard near Pollock, Louisiana, but the orig- 
inal clone selections were from a northern Louisiana area. The open- 
pollinated seeds were from a mixed orchard lot that had been collected in 
1984 before the orchard was rouged, and had an expected genetic gain of 
about 5 percent over nursery-run stock. The seeds were stratified 45 days 
before sowing on September 18, 1986. 

Seedlings were grown in Ray Leach Stubby CellsTM filled with a 1:l 
pea t-vermiculi te medium. Greenhouse cultural treatments followed the 
guidelines described by Barnet t and Brisset te (1986). Because the seed- 
lings were grown during the winter months, development was slow and the 
stock was about 26 weeks old when planted. Container-grown seedlings were 
outplanted on April 2, 1987. Shoot length averaged 0.38 ft and groundline 
diameter (gld) averaged 0.1 inch. Because the recommended height of con- 
tainer-grown loblolly seedlings is 0.5 to 0.7 ft at the time of outplant- 
ing (Barnet t and Brisset te 1986), the seedlings used in this study could be 
considered small. Nevertheless, they had a distinct height advantage corn- 
pared with the natural regeneration that had just begun to germinate from 
seed. 



Natural pine regeneration seeded onto all 12 plots from the 1986-87 
(fall through spring) seedcrop. That seedcrop averaged over 380 thousand 
seeds/ac, with 75 percent judged as potentially viable. For comparison, an 
average seedyear for loblolly pine is expected to produce from 30 thousmd 
to 80 thousand viable seedslac. In early s er 1987, 49 of the natural 
seedlings were selected as measurement trees on each of the six interior 
subplots designated to monitor the growth of natural pine regeneration, 
Their selection was based on seedling quality and spacing. The fanest 
1st-year seedlings were most often chosen if their terminal bud was 
intact; however, other quality criteria included the presence of dark green 
needles and the absence of insects or disease. 

On the six release plots, woody vegetation was hand-cut within a 2-ft 
radius of preselected pin%, and herbaceous vegetation was controlled with 
sulfometuron methyl (Oust ) and glyphosate (Roundup) within the same 2-ft 
radius. Oust was the principal herbicide because of pine tolerance and was 
applied at 3.75 oz a.i./ac; Roundup was applied at 0.68 lb a.i./ac. The 
herbicides were dispersed as water solutions at the rate of 11 gal/ac using 
backpack sprayers, and pines were shielded at the time of treatment. Dur- 
ing the first growing season, only one cutting treatment and one chemical 
treatment were used; but two cutting treatments and two chemical treatments 
were needed in both the second and third growing seasons. Roundup was in- 
cluded only in the 3rd year to control broomsedge (hdropogon virginicus 
L.), which is resistant to Oust. Any additional natural pine seedlings 
that became established within the 2-ft treatment radius were not elimina- 
ted during the first 3 years because they did not overtop the measurement 
pines. 

Measurements and Data Analysis 
After the 1st year of establishment, tree heights were measured to the 

nearest 0.1 ft, &d gldf s were measured to the nearest 0.04 inch on all 
survivors of the original 49 measurement pines per interior subplot. Using 
the same degree of accuracy, total heights and gldts were remeasured on all 
surviving measurement pines at the end of the third growing season. Volme 
index was calculated as (total height) x (gld) 2 .  The measurement pines on 
plots without release were judged as free- to-grow or over topped, and the 
over topping species were recorded. Natural pine and woody rootstock den- 
sities and milacre stocking were estimated from an inventory of 9 mil- 
acre-quadrats that were systematically established on each of the 12 in- 
terior subplots after the third growing season. The dominant (tallest) 
natural pine seedling on each milacre was judged as being free-to-grow or 
overtopped. 

AnalysZs of variance for a completely randomized design was used to 
evaluate treatment effects on pine survival and overtopped condition. 
Growth and size of measured pines were subjected to analysis of covariance. 
Covariates were 1st-year height, 1st-year gld, and 1st-year volume when 

ual growth and 3rd-year means for total height, gld, and vol- 
ume, respectively. Percent values for survival, milacre stockirng, and 
free-to-grow condition were compared following arcsine transformation. 
Statistically significant differences were tested by orthogonal comparisons 



as follows: Natural (N) vs. NaturaPIRelease (NIR); Plated (P) vs. Plan- 
tedfRelease (P/R); and N + N/R vs. P + P/R. All analyses were carried out 
at the 0.05 level of significance. 

ts And Mscrpssisa 

Density and Milacre Stocking of Natural Pines and Woody Competition 
Three years after establishment, natural pine density averaged over 

9,000 seedlings/ac and ranged from 5,000 to -more than -12,000 s tems/ac 
(Table 1). Milacre stocking of those natural seedlings averaged 86 per- 
cent (Table 1) and was no less than 67 percent on m y  one plot. Although 
milacre stocking was optimum for naturally regenerated even-aged stands, 
density exceeded the more desirable range of between 1,000 and 5,000 stems 
/ace krowth reduction from intraspecies competition can be expected at 
such high densities following crown closure, but natural thinning tends to 
moderate that competitive influence. For example, density of natural seed- 
lings declined by an average of 3,000 trees/ac from the first through the 
third growing seasons 

Table 1. Condition of natural pine regeneration 3 years after 

Treatment 
comparisons Density 

Milacre 
s tocking1 

Free- 
to-grow 

(stems/ae) ----------- (percent) ---------- 

Natural 12,407 89 51 
Na tural/release 8,185 89 86 

Planted 10,629 82 36 
Plantedlrelease 5,148 85 66 

N + N/R 10,296 89 69 
P + P/R 7,888 84 51 

Based on the presence of at least one natural pine seedling per mil- 
acre and 9 systemtically spaced milacres per 0.09-ac subplot. 

Percent of stocked milacres in which the tallest natural pine seed- 
ling was not overtopped by competing species. 

Competition from nonpine species was more pervasive than pine competi- 
tion after 3 years and was assessed by the proportion of stocked milaeres 
in wfiich the dominant natural pine seedlings were overtopped. Without re- 
lease, only 36 percent of dominant natural seedlings on planted plots and 
51 percent on natural plots were judged as free-to-grow after 3 years (Tab- 
le I) .  The release of individual measurement pines on the remaining six 



plots tended to improve the overall free-to-grow condition of dominant na- 
tural seedlings on 66 to 86 percent of stocked milacres within planted/ 
release and naturallrelease plots, respectively. 

Four years after a broadcast herbicide treatment, woody nonpine species 
had an average density of over 4,000 rootstocks/ac and 96 percent milacre 
stocking, The principal woody competitor was American beautyberry (Calli- 

americana I.,. ) which is not effectively controlled - by hexizinone 
(Mckrnore 1983). 

Pine Response to Treatments 
Survival of measurement pines was directly related to control of com- 

peting vegetation. With release, survival averaged 97 percent for both 
natural and planted pine seedlings (Table 2). Without release, survival 
was reduced by 10 percent for natural pines and by 19 percent for planted 
pines. The latter mean difference was statistically significant when corn- 
pared wi th plant ing plus release . 

Table 2. Survi overtopped condition of 
after establis 

Treat men t Overtopped 
comparisons Survival (PDF) status (PDF) 

(percent ) (percent ) 

Natural 87 
Natural/rePease 97 (0.057) 74 1 -- 

) . . .  (0.754) 

Planted 78 
Plmted/release 97 

Mean square error 53 64 

'The probability of obtaining a larger F-ratio under the null 
hypo thesis. 

On plots without release, from 74 to 79 percent of measurement pines 
were judged to be overtopped by competing vegetation on natural and 
planted plots, respectively, but the two regeneration methods showed no 
statistically significant difference (Table 2). American beautyberry and 
blackberry (Rubus spp. ) were the predominant competitors, accounting for 67 
percent of all overtopping species on natural pine plots and 59 percent on 
planted pine plots. Other frequently observed species that overtopped the 



pines included flowering dogwood (Cornus florida L.) ,  Japanese honeysuckle 
(Lonicera japonica Thunb. ), red maple (Acer -- rubrum L. ) , and sassafras (Sas- - 
saf ras albidum (Nut t . ) Nees 1 .  

ual height growth of both natural and planted pine seedlings was 
improved by the release treatments. The mean difference in favor of re- 
lease was 0.73 ft on natural pine plots and 0.95 ft on planted pine plots; 
the latter mean difference was statistically nonsignificant because of more 
variation among sample means (Table 3). As a result of competition con- 
trol, mean increases in height over 3 years were 1.47 f t on natural pine 
plots and 1.88 ft on planted pine plots (Table 4 ) .  No significant differ- 
ence was observed in annual height growth or in 3rd-year heights between 
the two regeneration techniques. 

Table 3. annual growth of iving a pines during the 
previous 2 years. 

Treatment Growth1 
comparisons Height (PDF) Gld (PIOF) Volume (PIOF) 

(ft) (inch) (ft3) 

Natural 
(0.003) 

O1 15 0.0037 
0.38 (0.001) 0.0144 (0.002) Naturalirelease 1.80 

Planted 
(0.064) Planted/release 1.98 (0.004) 0.53 

0*0058 (0.oolr 0.0382 

Mean square 
error 0.022 

Means have been adjusted for Is t-year height , gld , and volume, 
respectively. 

The probability of obtaining a larger F-ratio under the null 
hypothesis. 

Both natural pines and planted pines exhibited a positive and statis- 
tically significant gld growth response to release treatments (Table 3). 
The gain in gld growth from competition control was 0.23 inchlyr for na- 
tural pines and 0.36 ineh/yr for planted pines. After 3 years, released 
pines were 0.46 inch larger in gld than untreated pines on naturally re- 
generated plots and 0.71 inch larger than untreated pines on planted plots 
(Table 4). There were no statistically significant differences in 3rd-year 
gld's or in annual gld growth for planted pines compared with natural pines 
when released and nonreleased plots were combined. 



t pines 3 s after 

3rd-year means 
Treatment Total (PR>F)2 Gld (PDF) Volume (PDP) 
comparisons height 

-- 

(ft) (inch) (ft3) 

Ma tural 2*90 {0.003) 0*43 {O.OOl) 
0.0075 

Maturallrelease 4.37 0.89 0.0290 '"*002' 

Planted 2.87 
(0.068) 0048 (0.004) 

OP8119 
Platedirelease 4.75 1.19 0.0766) (o.001) 

Mean square 
error 0.091 

"ems have been adjusted for Is t-year height , gld , and volume, 
respectively. 

The probability of obtaining a larger F-ratio under the null 
hypothesis. 

Annual volume growth of the measurement pines was significantly im- 
proved by competition control and by the use of container-grown planting 
stock (Table 3). After 3 years, mean differences in volume per tree be- 
tween release treatments averaged 0.022 ft3 on natural pine plots and 0.065 
ft3 on planted pine plots, and those differences were statistically signif- 
icant (Table 4). The mean difference between planted pines and natural 
pines averaged 0.026 ft3, with a statistically significant advantage for 
planted pines. Had the container stock been of the morphological grade now 
recommended, the performance of the planted pines may have been improved 
even farther (Barnett 1991). 

Release treatments in this study were designed to ensure that the pines 
would not be overtopped by competing vegetation during the first few years, 
which is' why a treatment area of only 12.57 ft2/tree was used. However, 
recent competition control research on these sites has shown that herbace- 
ous vegetation reduces the growth of non-over topped loblolly pines more 
than woody vegetation during the first 3 years after establishment (Cain 
1988). The area of treatment can also be important. For example, Tiarks 
and Haywood (1981) found that slash pine (P. elliottii Engelme)-growth was 
linearly related to the increasing width &f herbaceous plant control. As 
such, a better pine growth response could have been expected in the present 
study following an increase in the area of competition control. 



Intensive competition control for 3 years within a 2-ft radius of 
measurement pines resulted in statistically significant growth gains and 
better survival for both naturally established seedlings and planted, con- 
tainer-grown seedlings. During that same period, planted pines achieved a 
statistically significant improvement in volume growth compared with na- 
tural seedlings. Nevertheless, mean differences between regeneration tech- 
niques were not as great as those achieved by competition control. 

The data suggest that container-grown, genetically improved loblolly 
pines can be outplanted on areas with minimal site preparation and will 
equal or exceed the growth of naturally established pine regeneration, even 
though the container stock used in this study was of smaller size than is 
recornended for ou tplan t ing . To imize survival, as well as growth poten- 
tial of genetically improved planting stock, intensive control of both her- 
baceous and woody competition appears to be just if ied during the first few 
years after field establishment. 
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EFFECT OF PESTICIDES AND NUMBER OF SEED PER SPOT ON 
SEEDLING ESTABLISHMENT FROM DIRECT-SOWN OCAM SAND PINE SEED " 

Kenneth W. Outcalt 

Abstract. To improve spacing and conserve seed, the U.S. Forest 
Service began using the ~racke~' scarifier for regenerating Ocala 
sand pine [Pinus clausa var. clausa (D.B. Ward)] stands about 6 -- 
years ago. The objectives of this study were to (1) determine if 
seed treatment with pesticides was necessary to control seed pre- 
dation, and (2) determine the number of seed to sow on each spot to 
obtain the desired level of ~tocking.~~Although some seed predation 
did occur, seed treatment with Arasan or ~ o ~ e l ~ ~  did not signifi- 
cantly increase seedling establishment. And while the shading of 
seed spots did increase seedling establishment, it is likely not 
economically feasible. Increasing the number of seed from two to 
five per spot increased stocking by nearly three times: 23 vs. 63 
percent. Doubling the number of seed to 10 gave no additional in- 
crease in stocking levels. Thus, if sown during the proper season, 
seed predation is not severe enough to justify the use of repel- 
lants, and five well-placed seed per spot is adequate for obtaining 
a well-stocked stand of Ocala sand pine. 

Introduction ed precommercial thinning to prevent 
stand stagnation. Additionally, 

In the past most Ocala sand pine there was no spacing control and the 
(Pinus clausa var. clausa D.Be Ward) system was quite wasteful of seed, 
starnds harvested o n t h e  Ocala Nat- which increased the cost and reduced 
ional Forest, Florida, were regener- 
ated by chopping or chopping and 
burning, followed by broadcast seed- 
ing using 0.55-1.1 @/ha of seed 
(Price 1973). Although this system 
was good, it was not entirely satis- 
factory. Many areas during years 
with extended drought periods, which 
occur about 3 years out of 10, fail- 
ed to regenerate adequately. In good 
years with adequate rainfall, some 
areas became overstocked and requir- 

Paper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, W, Oct. 30-Nov. 
1, 19901 

Soil Scientist, Southeastern For- 
est Exp* Sta., Gainesville, FL. 

the area that could be regenerated 
with genetically-improved seed. To 
improve spacing, eliminate precom- 
mercial thinning, reduce costs, and 
conserve seed, managers on the Ocala 
Nationqi Forest began using the 
Bracke scarifier-seeder in the 
mid-1980s. This is an integrated 
method which combines site prepara- 
tion and seeding into one operation. 
It was very successful the first 
year, but in subsequent seasons a 
significant number of areas failed 
to achieve adequate stocking. 

It was suspected that seed pre- 
dation was at least partially re- 
sponsible for these failures because 
past work had shown it could and 
often is a substantial problem in 
art if icial regenerat ion of Ocala 
sand pine stands by direct seeding. 



Only 3 percent of unprotected, viable seed sown on test sites by Cooper et 
al. (1959) produced seedlings, while the rate was nearly 90 percent from 
protected seed. Similar results occurred when Ocala sand pine seed were 
som on sadhill sites in northwest Florida (Burns and McReynolds 1975). 
In the past, severe seed predation was overcome by the use of various 
pesticides, but effective formula are no longer available, or be- 
cause of enviro a1 concerns land ers do not choose to use them. 
The objective of the first portion of this study was to determine if pest- 
icides presently available for treating seed would be effective in reducing 
predation of Ocala sand pine seed on sites regenerated with the Bracke 
scarifier-seeder. 

Because it deposits seed only on selected microsi tes (Van e l%88), 
the scarifier-seeder mechanism uses less seed than the broadcast system. 
The initial seeding rate was 0.3 Q/ha which was increased to 0.35 kg dur- 
ing the third sowing season. The actual amaunt of seed required for suc- 
cessful regeneration, however, was unknown. The objective of the second 
phase of this study was to determine the number of seed required per spot, 
or scalp, to give an adequate stocking without wasting valuable seed. 

All study sites were on the W e  George district of the Ocala National 
Forest located in central Florida. Specific sites were chosen at randon 
from sand pine sites regenerated with the scarifier-seeder equipment during 
the 1986 season, sp ing November 1986 to February 1987# These mechmisms 
are equipped with ting teeth, which turn over a spot of soil to create 
a pit-and-mow ite, typically 0.4-m wide x 1-m long with a 30-cm 
deep pit (Van e 1988). Both the two-row and three-row machines used 
were adjusted to create about 2,300 scarified spots/ha. 

The pesticide portion of the study was installed on 2 February 1987 an 
three sites using three seed treatments and three levels of seed protectfan 
in a facto~ial design. The three seed treatments were control, Ropel , 
and Arasan . Seed protections were none, shade, and screen. All seed 
used in the study were from general forest cone collections and had a lab- 
oratory germination rate of 80 percent. The Ropel treatment was applied by 
soaking seed in the liquid for 1 min followed by air drying. Latex was 
mixed with Arasan at a rate of 40 ml/L. This mixture was applied to dry 
seed until thorough coating took place, then seed were spread on a concrete 
surface to dry. Shade was provided by a 30 x 30-cm square of aluminum mesh 
screen with 1-m square openings. The screen cover used the same alminwn 
mesh formed into a 30 x 30 x 15-cm box. 

On each of the three study sites, a row of nine scarified spots was se- 
lected at least 100 m from stand edge. In the center of each spot a sowing 
area was prepared by turning moist soil to the surface and lightly smooth- 
ing it to simulate a freshly-created Bracke spot, For screen spots, a hole 
about 5-cm deep was made for the box, the box was put into this hole, and 
soil was placed inside the box. Next, 100 holes were made on each of the 9 
prepared spots by pressing 4-m-diameter hollow tubes attached to a 30x30- 
em board in a 10x10 configuration and protruding 1 cm into the bare mineral 
soil. Then, seed of the selected treatment were placed in these holes a d  



soil was brushed over the top. After sowing, the shade treatment was in- 
stalled about 25 cm above the appropriate spots by attaching the piece of 
screw to four wire pins. Tops of the screen boxes were wired in place to 
prevent entry by birds or rodents- 

The second part of this study was installed on four areas on 3 February 
1987. On each site, three adjacent rows of ten scarified spots were se- 
lected for use. Next, a row was assigned to receive 2, 5, or 10 seed per 
scarified spot. Spots were prepared for sowing as explained above. Then 
seed were placed in a line of holes 1-cm deep and 2-cm apart across the 
center of the prepared area. Af ter marking the begiming and end of each 
line with wire pins, seed were covered with soil. 

Study sites were checked periodically during the first 4 weeks when 
evidence of seed predation was recorded. Begiming about 5 weeks after 
sowing, the number of seedlings on a spot was counted and recorded* These 
field data were used to calculate seedling percentage, the number of seed- 
lings as a percent of the total number of seed sown, for the pesticide 
portion of the study. Percent stocking, the number of spots with at least 
one live seedling, was used to evaluate the second portion of the study. 
Analyses of variance after arc sine transformation of percents and the 
Least Simif icmt Difference methods were used to compare treatment means, 

In the first part of the study, 7 weeks af ter sowing neither pesticide 
sigraificantly increased the seedling percentage over levels on plots sown 
with eantreated control seed (Table 1). Spots with Arasan-treated seed, 
however, did have more seedlings than those sown with Ropel-treated seed. 
There were fewer seedlings on spots sown in the open compared with those 
with shade or complete screen cover. Seven months after sowing, there were 
no sig~lificant differences in seedling percentages due to pesticide treat- 
ment sf seeda Seedling mortality had been higher on shaded than on screen- 
ed spots, but both still had significantly more seedlings than the open 
spots* 

Five weeks after sowing, in the second part of the study, spots with 
five seed had significantly greater stocking than those where only two seed 
were used (Table 2). Although the use of 10 seed also increased stocking 
in comparison with 2, it gave no additional increase over the 5-seed-per- 
spot rate. There was a small decrease in stocking at all rates over the 
next 5 months. At the end of the study, spots sown with five seed had 
about three times the level of stocking of those sown with two seed. Al- 
though there was considerable variation in stocking between study loca- 
t ions,  even on the poorest site stocking was 30 percent for spots sown with 
five seed. Doubling of the number of seed, from 5 to 10, had no additional 
effect on percent stocking. 

Seedling establishment for the first portion of the study was equally 
good on both shaded and screened spots for all types of seed. Since the 



Table 1. The effect of seed t t and level of  protection on seed- 
ling percent from direct sown sand pine seed. 

Seed treatment 

Cover Untreated ~ r a s o n ~ ~  ~ o ~ e l ~ ~  Mean 

-------------- seedling percent -------------- 

7 weeks after sowing 

Open 
Shaded 
Screened 
Mean 

7 months after sowing 

Open 
Shaded 
Screened 
Mean 

a Means within a row or a column for each time period not followed by 
the same letter are significantly different at the 0.05 level. 

Table 2. Effect of the number of seed sown per spot on stocking. 

Number of seed sown 
per spot on 

2/3/87 

Percent stocking 
on 

3/10/87 8/25/87 

a Means within a colwnn not followed by the same letter are 
significantly different at the 0.05 level. 

seed on screened plots had complete protect ion from seed predators, this 
illustrates that seed predation was not a significant factor in this study. 
Thus, it is not surprising that neither of the pesticides used gave an 
increase in seedling establishment- 

Lack of significant seed predation could be partially due to weather 



condi t ions during the study , Average precipi tat ion for February and March 
is 6.3 and 12*7  cm, respectively. Precipitation during February following 
study establishment was 19-21 cm, and 26.7 cm during March-- both consid- 
erably above normal levels. Good rainfall promotes rapid vrmination which 
in turn reduces exposure time of seed to predation. However, seed were 
still exposed to predation for at least 4 weeks before germination began, 
and seed predation did occur, as dig-ging and empty seed coats were noted 
around study spots- The level of predation, however, was not high enough 
to significantly affect seedling establishent. This is contrary to re- 
sul ts from past studies (Cooper et al. , 2959; Burns a d  McReynolds 1975) 
where seed predation was very severe. Both of these studies were on small 
areas with surrounding cover for seed predators, while in the present study 
all plots were a considerable distmce from surrounding stands. This indi- 
cates seed predation is not usually a severe enough problem to justify the 
use of pesticides when regeneratine; large Ocala sand pine stands. 

Shading the seed after sowing, i.e., the shaded and screened spots, in- 
creased seedling establishent, This is likely due to lower water loss 
from shaded spots which would increase seed germination, Although it 
should be beneficial, at present there is no way to economically provide 
shade for direct-som seed. 

The minimum acceptable stocking level for Ocala sand pine is 30 per- 
cent. The second portion of this study shows that the rate of two seeds 
per Bracke spot is too low to produce acceptable stocking, Increasing the 
rate to five seeds, however, should provide enough seed to give adequate 
stocking. Any increase beyond this will not increase stocking and would be 
wasteful of costly seed ( $ I l O / ~ ) ,  Since not all seed sown by the Bracke 
scarifier-seeder are dropped in a suitable microsite, the question which 
remains, "How seeds to put out with the Bracke scarifier to obtain the 
desired five well-placed seeds per spot?!' 
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BORON FERTILIWTION AND THE ROOT MORPHOLOGY OF 

SHORTLEAF PINE SEEDLINGS 

INOCULATED WITH PISOLITHUS TINCTORIUS 

e Sword and Harold E. Garrett 

Abstract. Benefits associated with ectomycorrhizal infection are 
well established. However, exploitation of this symbiosis has been 
hindered, in part, by the inability to obtain consistently high in- 
fection rates. Past research in our laboratory has identified a 
two£ old increase in Pisoli thus t inc torius [ (Pers . ) Coker and Couch] 
ectomvcorrhizal infection of shortleaf ~ine (Pinus echinata Mill.) 
seedlings in response to boric acid fektilization. This response 
was accompanied by a decrease in root indole-3-acetic acid (I&) 
content. Other research investigations have associated the 
physiological function of boron in plants with root growth. An 
experiment has been conducted to assess the root system morphology 
of shortleaf pine seedlings inoculated or noninoculated with P. 
tinctorius and fertilized with none or 25 pg/ml boric acia. 
Results suggest that boric acid fertilization may enhance lateral 
root branching and elongation of shortleaf pine seedlings 
inoculated with P. tinctorius. This response, attributed to 
interact ion between ectomycorrhizal root IAA and boric acid, may 
have resulted in increased ectomycorrhizal colonization. 

Introduction 

In the regeneration environment, 
survival of conifer seedlings is de- 
pendent upon efficient root growth 
immediately following planting. 
Both root morphology and elongation 
rate contribute to efficient root 
growth and are responsible for in- 
terfacing between root and soil. 
Past research has indicated that 
physiological processes within the 
root system may be manipulated by 
exogengus stimuli such that root 

morphology and elongation rate are 
altered (Hess 1969, Torrey 1986). 
Perhaps, exogenous stimuli could be 
used to modify the morphology and 
elongation rate of nursery- and 
greenhouse-grown conifer seedling 
root sys tems resulting in increased 
interfacing between root and soil. 
Direct advantages of this response 
would include increased exposure to 
indigenous rnycorrhizal propagules 
and subsequent enhancement of min- 
eral nutrient and water absorption. 
Finally, survival following out- 
planting, would improve. 

Paper presented at Sixth Biennial The micronutrient, boron, has 
Southern Silvicultural Research Con- been identified as necessary for em- 
ference, Memphis, TN, Oct. 30-Nov. ergence of root primordia (Cohen and 
lt 1990. Lepper 1977; Jarvis et all, 1984; 

Ali and Jarvis 1988). Early work of 
Research Assistant and Professor, Wrington (1923) identified boron as 

Sch. Natural Resources, Univ. Mis- essential for plant growth and 
souri, Columbia. 



indicated that it has a strong effect on root system morphology. Further 
research has indicated that boron is necessary for root elongation (Whit- 
tington 1959, Albert 1965, Cohen and Lepper 1977, Tang and dela Fuente 
1986). 

Synergism between auxin compounds, produced by ectomycorrhizal fungi, 
and boron miay result in both increased root primordia development and in- 
creased root primordia elongation such that root system morphology is im- 
proved. Promotion of root growth by boron has been attributed to an inter- 
action between auins and boron (Jarvis et al., 1984; Ali and Jarvis 1988). 
All a d  Jarvris (2988) found that an optimum exogenous concentration of 
either indole-3-acetic acid (XU) or indole-3-butyric acid (IBA) and boric 
acid resulted in maximum adventitious lateral root formation in mung bean 
(Phaseolus aureus Roxb. cv. Berlin) cuttings. Interaction between IAA and 
boron has ahsa been reported by Mitchell et al. (1985) who found that ecto- 
mycorrhizal inoculation of shortleaf pine (Pinus echinata Mill.) seedlings 
with Pisolithus tinetorius [(Pers.) Coker & Couch] resulted in elevated 
root fM content. Hwever, boric acid fertilization of these ectomycorrhi- 
zal seedlings resulted in a dramatic reduction in IAA level. In addition, 
boric acid fertilization has resulted in increased ecto~corrhizal coloni- 
zation of shortleaf pine by - Pe tinctorius (Mitchell et al., 1987). 

The objectives of this experiment were to evaluate root system morphol- 
ogy and ectomycorrhizal colonization of 12-week old greenhouse-grown short- 
leaf pine seedlings inoculated or not inoculated with P. tinctorius and 
fertilized with 0 or 25 pg/ml boric acid. Specifically, Hteral root hier- 
archy, short roots and root primordia were quantified. Subsequently, the 
relationship between root system morphology and ectomycorrhizal coloniza- 
tion by - P. tinctorius was assessed. 

Materials And Methals 

Fun-sib shortleaf pine seed (improved source: USDA Forest Service, 
Arkansas) was surface sterilized in 0.5 percent NaClO (10 percent  loro ox^') 
for 15 seconds and cold stratified for 30 days at 4'C (USDA 1974). The 
growth medium was 1:1:2:2 (v/v/v/v) peat moss-vermiculite-sand-perlite 
which was sterilized with methyl bromide. Stratified seed were sown, four 
seed per cavity, in 0.5 L Tinus Spencer-LeMaire root trainer containers. 
One-half o f  the containers were inoculated, 1: 7, with vegetative inoculum 
of Pa tinetsrius isolate 306 (Mycorr Tech Inc., Pittsburgh, PA). 
~nocfation was done by thoroughly mixing 0.25 L of vegetative inoculum 
with 1.75 L of growth medium and pouring the 2.0-L volume into the four 
cav i t ies  of individual containers. Following germination, seedlings were 
thinned to one per cavity. 

After 90 percent germination, a 164 photoperiod was implemented using 
high-pressure sodium vapor lamps. Throughout this photoperiod, photosp- 
thetically active radiation was approximately 544 pE rn-Z sec- l . Seedlings 
were watered semiweekly throughout the initial 4 weeks of the cultural per- 
iod. Pour week following 90 percent germination, fertilization began. 



Seedlings were fertilized semiweekly with 20 ml of modified Hsaglmdfs nu- 
trient solution (Mitchell 1984). Six weeks following 90 percent germina- 
tion, boric acid fertilization treatments were initiated. With the excep- 
tion of 0.006 ~g boric acid in 20 ml volumes of the modified Hoaglandps 
nutrient solution, seedlings received none or 0.5 mg of boric acid semi- 
weekly. Following initiation of fertilizatlm, seedlings were watered when 
the growth medium appeared dry. 

This experiment utilized a randomized complete block design with four 
blocks. Treatments were no inoculati~n or inoculation with P1 tinetsrius 
and fertilization with O or 25 pg/ml boric acid applied to the soil. 
Twelve weeks following 90 percent germination, 16 containers, one per 
treatment and block, were randomly harvested. Dependent upon analysis, da- 
ta represent the mean of two or four seedlings per container. As a result, 
means represent measurements of 32 or 64 seedlings, 

Root systems were washed free of growth mediuna usirng tap &rates, Growth 
parameters measured on four seedlings per container included shoot length, 
root collar diameter, number of branches, shoot and root dry weights (72 
hr, 65'C), and root system length. Shoot length was defined as the dis- 
tance from root collar to tip of stem. Root collar diameter was defined as 
the stem diameter at the root collar. Following assessment of ectomycor- 
rhizal colonization and root system morphology, root system length was 
measured photoelectronically using the line intersect method of Rovse m d  
Phillips (1974). 

Two of four seedlings per container were randomly selected for quant i f -  
ication of ectomycorrhizal colonization and root system morphology. The 
remaining two seedlings were used for analysis of new lateral root growth. 

Ectomycorrhizal colonization was determined using the method of Mitch- 
ell et al. (1987). The diffusion of ectomycorrhizal colonization through- 
out the root system was measured as the percentap of priimav lateral soots 
colonized. Colonization was expressed as presence of at least one mycor- 
rhizae on primary lateral roots. The intensity sf ectomycsrrkizal eoloni- 
zation was quantified as the number of mycorrhizae per infected primary 
lateral root. Mycorrhizae were characterized by the presence of a fungus 
mantle or swollen appearance when compared ts larninfec ted short roots . 

Following identification of primary lateral roots, secondary a d  terti- 
ary lateral roots and short roots were quantified using a stereoscope. 
Criteria used for identification of lateral roots and their position in 
root system hierarchy were a visual dimeter less than that of adjacent 
short roots, emergence of one or more short roots m d  brznehlng from an im- 
mediately lower order lateral root. Short roots were defined as roots 
which were less than or equal to 0.5 cm in length m d  which lacked m y  
emerging roots . 

Following identification of lateral root hierarchy a d  qumti f ica t ion  
of short roots, 0.25 g of root tissue w s  rmdomly subsmpled a d  stained 
for quantification of root primordia, Using a modificat%on of the prsced- 
ure of Wilcox (19681, root tissue was cleared in 0.5 percent NaCkO (10 



percent � lor ox^') for  1 hour9 r insed three  times w i t h  d i s t i l l e d  water, sub- 
mersed i n  distilled water for 1 hour, and then submersed i n  0-001 percent 
aqueous safrmin. Fsl l~rkrih~g 24 hours, meristematie areas of root primordia 
were v i s i b l e  through root c o r t i c a l  t issue a d  were couwted using a s tereo-  
scope- 

New lateral root growth was excised from two seedkings per container. 
Mew roots were cswted and their lengths measured. Criteria used for  iden- 
tification sf new roots were lightness in color when compared with remain- 
ing root system and a length greater thm or equal to  0 3  em. 

Data vere subjected to an malysis of varimce. Differences between 
treatment mems were compared using the LSD test at P ( 0*05 and 3 ( 0.10, 

Shoot a d  root growth of shortleaf pine seedlings inoculated with P. 
t inc to r ius  were significantly greater than those of noninoculated seedlings 
(Table 11, Six weeks Solloving initiation of semiweekly boric acid appli- 
cations, shoot growth of 12-week-old s e e d l i n e  was not ~ i ~ i f i c a n t a y  af- 
fected by bor ic  acid treatment* However, boric acid f e r t i l i z a t i o n  treat- 
ment resulted i n  a s i ~ i f i c w t  increase in. the root system length  of 
seedlings inoculated with P. t i n c t s r i u s  when compared with  those inoculated 
but not receiving boric acid fertilization treatment. No boric ac id  fer- 
t i l i z a t i o n  treatment e f f e c t  was observed i n  either the  root dry weights of 
inoculated or n~ninoculated seedlings or the root system length  of noninoc- 
uPated seedlings. 

a 1 Growth of 62 Pd sbo r t l a f  pine s d l i ~ s  indoculatd or 
not Imculatd e t h  Pisokitkrw liinrctsriw a d  f e r t i l i zd  ~ t h  0 (-B) or 
25 vg /d  (-2-B) b r i c  acid* 

Variable ( m i t s )  ESsninoculzted 
-B +B 

Inoculated 
-131 4-%3 

Shoot length Qcm) 4.3 a* 4,6 a 
Root c o l l a r  dial (cm) 8.16b 0.15b 
Nmber sf brmckes 3*6 la 4.0 b 
Shoot dry weight ( g )  0* 18b Qe18b 
Root dry weight ( g )  0109b 0.08b 
Root system length (em) 249 bB@ 247 bC 

* Hems v i t h i n  a variable fallowed by the sme lwer or  uppercase Let- 
ter are not sig;gmifica%ltiy different a t  P 5 0.05 or P < 0.10, re- 
spectively, using the LSD t es t .  



Quantification of lateral root hierachy indicated that, although no 
significant differences were found. Boric acid fertilization treatment ap- 
peared to increase lateral root branching of seedlings inoculated with P. 
tinctorius (Table 2). The number of primav lateral roots of 12-week-dd 
shortleaf pine seedlings was unaffected by ectomycorrhizal inoculation and 
boric acid fertilization treatments. However, the numbers of secondary and 
tertiary lateral roots on root systems of seedlings inoculated with P. 
tinctorius were increased 41 and 74 percent, respectively, due to borxc 
acid fertilization treatment. 

Table 2. tifieation of later& root hieriarchy associatd with 12- 
week--old shortleaf pi= seeclllings inocdatd or arot inoculated vjith 
Pisolithus tinctorius and fertilized with O (-B) or 25 m/ml (+B) boric 
acid. 

Variable (units) Inoculated 
-1B +B 

Primary lateral roots (#) 20.%* 20e2 
Secondary lateral roots (#) 16.8 18.2 
Tertiary lateral roots (#) 0-7 2.5 

* No significant differences were detected at B < 0.05 or P < 0.10 us- - - 
ing the LSD test. 

New root growth of 12-week old seedlings was significantly affected by 
both inoculation and boric acid fertilization treatments (Table 3). The 
number of actively elongating lateral roots was unaffected by inoculation 
and boric acid fertilization treatments. However, the length of this ac- 
t ively elongating lateral root tissue was significantly greater in inocu- 
lated seedlings when compared to that of noninoculated seedlings. More- 
over, boric acid fertilization treatment sig~lificmtly increased new 
lateral root length of noninoculated seedlings, relative to entire root 
systems. Although not simificmt, boric acid fertilization treatment also 
resulted in a 15 percent increase in the percentage of new lateral root 
length in inoculated seedliws a 

Of shortleaf pine seedlings inoculated with P. tinctorius, those fert- 
ilized with boric acid had significantly fewer root primordia when compared 
with inoculated seedlings not receiviw boric acid fertilization treatment 
(Table 4). Seedlings inoculated with P. tinctorius had a significantly 
greater quantity of root primordia when compared to those that were not in- 
oculated. In contrast, inoculated and noninoculated seedlings that were 
fertilized with boric acid had similar quantities of root primordia. 

Inoculation with P* tinetorius sipificaratly reduced the number of 
short roots per length-of root system when compared to noninoculated seed- 



lings (Table 4). Boric acid fertilization treatment had no significant ef- 
fect on the quantity of short roots on 12-week-old seedling root systems. 
However, seedlings inoculated with P. tinctorius and fertilized with boric 
acid did have 16 percernt more shortroots when compared to inoculated seed- 
lings not receiving boric acid fertilization. 'This response can be attrib- 
uted to the borie acid-induced increase in root system length of seedlings 
inoculated with - P* tinctorius, as previously reported. 

Table 3. k w  baterd rmt sawth of 12 Id shartlef pine seed- 
lings inoculated or not inoculated with Pisolithw tinctorius and fer- 
tilizedi ~ t h  0 (-B) or 2% @g/d (+B) boric ;acid. 

Variable (wits) Inoculated 
-I3 +B 

Number o f  new roots -k 14.0 a** 14.6 a 16.3. a 183 a 
Length of new roots (em) 12.6 e 18.2 bc 23.5 ab 30.4 a 
Percent new root length/ 
total root length 3.9 b 6.1 a 6.6 a 7.6 a 

* New roots were characterized as lateral roots that were white or 
light in color and - > 0.5 cm in length. 

** Means within a variable followed by the same letter are not signifi- 
cantly different at P - < 0.05 using the LSD test. 

Table 4. Pr imrdia ,  ectowcorrhfzae, and short roots asociated wjth 
of f2 -wd-c ) ld  sbrtleaf pine sdlings i ~ o d a t d  or not 

inoculatd dtkr Pisolithw tjililctorius and fertilized Klitb 0 9-B) or 25 
Wglnrll (+B) borie aeiall, 

Variable (wits) Noninoculated 
-B +B 

Inoculated 
-B +B 

--em---- Root primordia ---------- 

Nwberlcm root length 01f5 b 0.20 b O,48 a 0.15 b 

Eetomycorrhizae + Short Roots (ucolonized) 

Naamberlseedling 442 a * 467 a 395 a 460 a 

Hwberlcm root length 1.8 a 2,0 a 1*4  b 1.4 b 

* Means within a variable followed by the sme letter are not signifi- 
cantly different at P - < 0-05 using the LSD test. 



Assessment of ectomycorrhiza% coleznizatlsn indicated that  bor ic  acid 
f e r t i l i z a t i o n  treatment s i p i f i e a t l y  increased t he  spread of P. t i n c t o r i u s  
coiornizatisn (Table 5) The percentage of p r i m r y  l a t e r a l  ro6 t s  
by P. t i n c t o r i u s  was 22 percent g r e a t e r  i n  response to boric ac id  f e r t i l i -  
za t ion.  However, the  intensi ty of ectomycorrhizal colonization on seedling 
root systems was rulaffected by boric ac id  fer t i l iza t ion .  

Variable Noninoeulated Enocula t ed 
--B 

Percent pr imry lateral 
root i n f e c t i o n  * 6.2 bC** 0 e 3  bd: 77*8 d3 94.8 d 

In fec t ion  pointsdgri- 
m r y l a t e r a l r o o t  2 * 8 b  016 b 14.1 a 1 4 2  a 

* Percent primary lateral root infection = (Number of colonized p r i -  
mary Lateral rootsdtstal nwber  o f  p r i m r y  lateral rooks) x 180. 

** Means wi thin  a var iable  followed by the same lower- or  uppercase 
letter a r e  not s ignif icant ly d i f fe ren t  at P < 0.05 or P < 0.10, - - 
respec t ive ly ,  using the LSD test. 

Pas t  research has suggested that  boric acid fe r t i l i za t ion  is benef ic ia l  
fo r  s p t h e s i s  of rnycorrhizal spbioses. However, the effect of boric acid 
f e r t i l i z a t i o n  on mycorrhizal colonization appears to  be dependent upon host  
md E u n e s  species .  be r t  et al* (1980) f o u d  that  bor ic  ac id  f e r t i l i z a -  
t ion of alfalfa (Medicago sativa L.) seedlings inoculated wi th  GPsmus fas- -- 
i c u l a t u s  [(Thaxt . sensu Gerd. ) Gerd. & Trappe] resulted i n  an 88 percent 
inerease  i n  root infect ion.  Hwever, t h q  also Esmd that boric ac id  fert- 
i l i z a t i o n  of alfalfa seedlings inoculated with Glomus mossae [(Nicol. & -- 
Gerd.) Gerd. & Trappe] ,  and red clover (Trifolium pratense  L.) seedlings 
inoculated with Gigaspora gigantea [(Nicol. & Gerd.) Gerd. and Trappe] re- 
s u l t e d  i n  only 10 and 16 percent increases i n  root infection, respectively. 

I n  the present experiment, boric acid f e r t i l i za t ion  had no e f f e c t  on 
the  number sf nzycorrhizae per infected primary lateral root of 12-week-old 
shortleaf pine seedlings inoculated with  P. tinctorius. However, fer t i l i -  
za t ion  with boric acid d id  result in a sl%ght enhancement i n  the spread o f  
colonization by P. t inctorius throughout the root sys tern. The 22-percent 
increase i n  primary lateral root infection is similar in some ways to  re- 
s u l t s  obtained by Mitchell et al .  (1987). Using similar host and fungus 



species, Mitchell et ale (1987) found 111 and 53 percent increases in the 
nmber .of mycorrhizae per infected primary lateral root and the percen tage 
of primary -lateral roots infected by P. tinctorius, respectively, in re- 
sponse to boric acid fertilization falowing a 16-week cultural period. 
Similarities in the trend but differences in the intensity of the ecto- 
mycorrhizal response to boric acid fertilization treatment suggests that, 
in addition to host and fmgus species, seed and fmgal isolate sources as 
well as cultural enviroment m y  dictate the effect of boric acid fertili- 
zation an wesrrhizal colonization. Variation in colonization rates be- 
tween the present experiment and that of Mitchell et ale (9987) illustrates 
the sensi t ivi %y o f  the shor tleaf pine-P, t inctorius ectoqeorrhizal assoc- 
iation to boric acid fertilization ana the need for better definition of 
eondi t ions wder which optimum eetomycorrhizal colonizat ion is obtained. 

Ros"l:orrpkrs%ogica% chmges often accompany enhmced mycorrhizal col- 
onization which occurs in response to boric acid fertilization, Ltambert et 
all (1980) fomd that the root system length of 15- and 30-day-old endomy- 
corrhizal alfalfa seedlings increased 100 and 92 percent, respectively, due 
ts  boric acid fertilization. Nitchell et al. (1987) found a reduction in 
the nunnber sf primary lateral roots of 16-week-old shortleaf pine seedlings 
inoculated with B. tinetorius due to boric acid fertilization* However, 
although not significant, Mitchell et al. (1987) also found 38 and 17 per- 
cent increases in rsot dry weights of 16-week-old shortfeaf pine seedlings 
inoculated with PI. tinetorius and foliar- and soil-fertilized with boric 
acid, respectively. An increase in root dry weight but a reduction in num- 
ber of primry lateral roots of shortleaf pine seedlings inoculated with P. 
tinctorius in response to boric acid fertilization suggests that lateral 
root brmching md/or short root production may have been altered. 

Following a 12-week cultural period, we found that root dry weights of 
shortleaf pine seedlings inoculated with P. tinctorius were waffected by 
boric acid fertilization. However, the root system length was signifi- 
emtly greater t h m  that of seedlings inoculated with P. tinctorius but not 
fertilized with boric acid. Perhaps specific fungus-%ost interactions in 
the presence of boric acid resulted in a physiological enviroment which 
was conducive to root system development. 

Past research has suggested that P. tinctorius is capable of producing 
indole-3-acetic acid (IM) (Ek et al., 1983; Mitchell e t  ax., 1986). 
Mitchell e t  aE. (1986) determined the IAA content of uninsculated shortleaf 
pine seedling root tissue as approximately 120,000 ng/mg dp3r weight. Ek et 
ale (1983) found that one isolate of P. tinctorius, grom -- in vitro for 5 
weeks, produced 19,760 ng/mg dry weig6t it; whereas, a second isolate of - P. 
tinctorius only produced 840 ng/mg dry weight when grown -- in vitro for the 
sme period of time* Ectomycorrhizal funms-produced IAA m y  supplement 
endogenous compounds. As a iesult , inoculation- with an isolate of P tinc- 
torius, known to produce large quantities of IAA, may result in elevated 
root tissue I M  content. This was demonstrated by Mitchell e t  ale (1986) 
tr%ts fowd a %.%%-fold increase in the IAA concentration sf shortleaf pine 
seedling rsot tissue due to inoculation with P, tinctorius. Pkiyslological 
functions, such as those involved in root development, which are regulated 
by IM, m y  be modified by ectomycorrhizal fungus-induced elevated root IAA 
content, 



Boric acid fertilization may further modify the pknysiolsgical environ- 
ment in vhich root development occurs* Furthermore, boron nutrition has 
been associated with the  metabolism of IAA In plants. Boron may t e ~ l a t e  
transport sf IAka from the site af sptkesis by altering membrme function 
f Pollard et a$. , 1974; Goldbach m d  hberger 1986; Schon et al. , 1980), As 
a result, boron deficiency may be associated with elevated IAA coneenera- 
tions (Smirraov ee: a l e ,  1977). In ;;?ddi"con, past research has indicated 
that catalytic oxidation of I U  may be modified by boron nutsition (Smirnsv 
et al., 1977; Bohnsack and Albert 1997; Mitehell e t  ale, 2986). 

Interaction betweera. fukl~ls-iraduced elevated IM and baron may result in 
alteration of root m o r p h o l o ~  m d  subsequently, mycorrhizal colonization, 
Root developmental processes which may be influenced t3y irakeracthxa between 
ectomyesrrhizal fwf ls-  induced, elevated IM and boric acid include the 
rate of root primordia feapmation, the qumtity of root prirnsrdia which 
elongate a d  root e l o ~ g a r i s n  rake ( T o r r q  1956; Pecket 1957; Whittington 
2959; Bl&ely 1972; Cohen and Lepper 1877; Jarvis et al . ,  1984; kBi m d  
Ja rv i s  1988; MacIsaac et  al . ,  1989). In our experiment, the number o f  p r i -  
rnordia in root systems sf shortleaf pine seedlings inoculated with P. t inc- 
torius but not fertilized with boric acid compared to those of seedIings in 
the remaining three treatments, suggests that insculatisn with P I  tinctsr- 
i u s  may have resu l t ed  in higher concentrations of root I M  which-stimulated 
w 

indudion or initiation phases of root primordia formation. 

Fallwing ehmced  development of orgzsnized root primordia under con- 
ditions of elevated IAA, root primordia elongation in shortleaf pine seed- 
lings inoculated with P. tinctorius may have been inhibited. Although 
elevated root  IAA content may be beneficial for development of root pri- 
mordia, these conditions may be i h i b i t o r y  toward their elongation (Thi 
1936; Bl&eEy et a l e ,  1992; Jarvis e t  aP., 1984). Other studies have 
gested that root primordia elowation may be remlated by both auxin and 
cytokiarin (B1&ely el: a%., 1972; Might 1980; MacXsaac et 
ale , 1989) 

Application of boron to  primary roots of seedlings or the hypototyl o f  
cuttings promotes toot psimordia elongation (Whittington 1959; Alber t  a d  
Wilson 196$; Cohen a d  Leppers 1977; Jarvis et al., 1984; A % i  and Jacvis 
1988). Gohen a d  Leppers (1977) determined that borm was necessary fo r  
cytokinesis in root nerisitems* Other studies have indicated that  boron 
nzay regulate eytokinesis by madifieatisn of ribonueleic acid (WA) metabo- 
lism (Dave arid an 1980, A11  =d Jarvis 1988). 

In our experiment, after I2 semiweekly applications sf 28 ml of 2% yg/ 
ml boric acid, lateral root branching of seedlings inoculated with P. t inc- 
torjius was eaa%.,mced, Perhaps inoculation with P. tinetorius res6lted in 
elevated root IAA content such that the rate of ?oat primordia production 
increased* Initiation of boric acid fertilization treatments 6 weeks fol-  
lowiar-g 90 percent germinatSsn my have l ed  to either reduced LlaiB content or 
a more favorable 1M:cytokinin ratio such that the number o f  primordia 
elongating i n t o  lateral or  short roots was increased. As a result, root 
primsrdia may have been "re1eased'Vm elongation leading to  an increase in 
secondary a d  tertiary lateral roots, This  sequence of events may explain 



bath reduction in the number sf root primordia and increase in the number 
o f  secsaadary and tertiary lateral roots of inocula ted  shortleaf pine seed- 
l i ngs  follewing boric acid fertilization, 

We fomd t h a t  new lateral root growth was stimulated by boric acid 
fertilization, The percentage of root system which was new Lateral root 
growth increased 56 percent in nonfnoculated seedlings, but only 25 percent - 
in seedlings inoculated with P. tinctorius. These results suggest that the 
act ion of boric acid may not-have been as strong in inoculated as in non- 
inoculated seedlings. Mower, lateral root brmching malyses do not sup- 
port this possibility. More likely, the availability of boric acid for in- 
teraction with I M  and subsequent modification 9f root morphology may have 
become increasingly fimitiw in seedlings inoculated with B e  tinctorius. 
As the cul tura l  period progressed, development of a dense f h g a l  network, 
both i n t e rna l  m d  external to the root system, may have restricted boric 
acid movement into the root a d ,  as a result, reduced the e f fec t  sf boron 
on root development of ectomycorrhizal seedlings when compared to  that of 
nanineculated seedlings. 

In our study, boric acid fertilization was initiated early during de- 
velopmene of the ectomycorrhizal association, At this time, boric acid may 
have easily diffused through thcz growth medium and i n t o  root tissue. As a 
result, lateral and short root formation m y  have been enhanced by inter- 
action between P. tinctorius-produced IAA and boric acid. However, further 
development of the ectomycorrhizal association, which was accompanied by 
proliferation of the fungus mmtle, extr  krical hyphae a d  rhizomsrph- 
like s t r u c t u r e s ,  magr have presented an increase in poten t ia l  s i t e s  for 
fixation of boric acid. As a result, Less boric acid may have d i f fused  to 
locations o f  primordia development within the host. 

In conclusion, our findings indicate that boric acid fertilization of 
shortleaf pine seedlings inocclated with P. tinctorius resulted i n  an in- 
crease in root system length which was attributed to an increase i n  lateral 
root branching &d elongation. This response may be valuable for improve- 
ment of eonlrer seedling rook system morphslow m d  rpthesis of eetomycor- 
rshizal associations. However, results o f  this study also suggest that 
fur ther  definition of fungus, host m d  cultural environment characteristics 
as well as the optimldm timetable Esr boric acid fertilization is necessary 
fo r  mwimizatisn of the root morphological response t o  boric acid 
fertilization. 
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1982). Studies are needed on existing coppice stands to provide informa- 
tion necessary for proper management of sprout-origin stands in the 
Sou theas t . 

At present, four sets of site index curves are available for use with 
yellow-poplar: southern Appalachim curves (Beck 1962), central Appalachian 
curves (Schlaegel et al., 1969), Piedmont curves (Beck 1962), and region- 
wide curves (HcCarthy 1933). The preceding sets of curves, except McCar- 
thy's, were derived from height-age observations of mostly older stands, 
some from age 20, but up to 100 years of age, and do not accurately 
reflect early growth p ns. McCarthy" curves inc data from a few 
stands as young as 10 years old, but the influence of older stands may 
have obscured early growth patterns in harmonized curves. 

These existing site index curves for yellow-poplar do not differentiate 
between the large height growth differences of seedling-origin and sprout- 
origin s terns. With yellow-poplar , establishing early dominance and remain- 
ing in the overstory throughout its life, the heights of dominant and co- 
dominant stems in young stands can be a good and reliable estimate of site 
quality if differentiation of seedling- and sprout-origins can be made. 

Reliable site index curves should be developed to reflect accurately 
the early patterns of growth for sprout-origin vs. seedling-origin yellow 
poplar. Existing site index curves for yellow poplar were constructed by 
developing a series of harmonized curves based on a single set of height- 
age measurements (Bruce and Schumzcher 1950). These curves disregard age- 
site sampling bias that may occur. For example, an unequal distribution of 
older stands may occur on poorer sites, negating the assumption that spe- 
cific height growth curves are directly proportional to a mean curve for 
all stands (Beck and Trousdell 1973, Spurr and Barnes 1980). However, 
height growth patterns may vary strongly (polymorphism) for a species such 
as yellow-poplar that grows on a diversity of sites, under diverse regener- 
ation conditions, and over a wide geographical range (Jones 1969, Beck and 
Trousdell 1973, Carmean 1975). To account for the polymorphism that occurs 
in height growth, site index curves can be constructed from stem analyses 
that are cognizant of the true growth form of the height-age curve. Site 
index curves constructed from stem analyses of seedling-origin and sprout- 
origin stems of yellow-poplar, up to age 20, should accurately reflect 
growth characteristics of these two stem types. 

Rapid juvenile height growth is crucial for seedling-origin stems of 
yellow-poplar as the seedlings must establish dominance early in their life 
in order to survive and become a permanent member of the stand. Seedlings 
of yellow-poplar may grow slowly the first 3 years after which height 
growth is rapid and is maintained throughout juvenile development. On good 
sites, yellow-poplar seedlings that are free to grow can form pure stands 
due to their ability to outgrow competitors (Roach and Gingrich 1968). 
However, McCarthy (1933) and KePlison e t  al. (1981) both report that 
yellow-poplar seedlings are unable to compete with sprouts of yellow-poplar 
and other hardwoods. Seedling-origin stems of yellow-poplar eventually 
catch-up and exceed the growth rate of sprout-origin stems in later years 
(True and Tryon 1966). 



Yellow-poplar sprouts comprise a significmt proportion af regeneration 
of harvested stmds due to their initial growth rates which greatly exceed 
that of seedlings m d  sf most sther hardwood sprouts (Vendel. 1975, Beck 
1977). Yellow-poplar sprouts derive their rapid growth rate from the in- 
herited root system of the parent stmp that readily provides water, nu- 
trients, and stored foods* 

T h j s  study provides new information on the growth and development sf 
trees of seedling-origin yellow-poplar vs. sprout-origin yellow-poplar in 
the same regenerated stmds occurring on the sme sites, Its general ab- 
jectives were to determine vhat interact ion t&es place between the two 
reproduction types and h s w  impostmt each component i s  in the development 
of future s t a d s .  Specific objectives were to: (I) compare the height-age 
growth characteristics and patterns of sprout-origin vs* seedling origin 
yellow-poplar trees occurring on the same sites; a d  (2) develop site index 
curves for sprout-orjgin and seedling-origin yellow-poplar trees for early 
estimation of site quality for  yellow-poplar 

Nine even-aged hardwood stmds were selected that contained both seed- 
ling-origin m d  sprout-origin stems of yellow-poplar* Ages for these s t a d s  
ranged from 4 to 24 years. In addition, three stmds were chosen that con- 
tained only seedling-origin yellow-poplar stems a d  two s t a d s  chosen con- 
tained only sprout-origin yellow-poplar stems. These five stmds raged in 
age from 4 to 25 years. All stands wre well-stocked with regrowth follow- 
ing clearcutting. Stands were selected on a diversity of sites to  repre- 
sent growth of naturally occurring yellow-poplar, 8E  the 44 s t a d s  seleet- 
ed, I1 stmds were located in the Piedmont of Oconee a d  Piekens Cowties, 
South Carolina, at elevations of approximately 1,000 fte The remaining 
three stands were located in the foothills of the southern Blue Ridge 
Mountains at elevations from 1,500-2,000 ft in north Georgia m d  southwest 
North Carolina. Yellow-poplar had developed in selected s t a d s  from na- 
tural regeneration, i,eb, seed and stump sprouts, following elearcutting, 

Sprout: origin was determined from the occurrence of live, multiple 
stems, single stems that showed remains of dead mcilPary stems, or single 
stems that upon ground level examination revealed remains of the parent 
stump or dead multiple sterns. Seedling-origin stems were i d e n t i f i e d  by 
close inspection of the stump which displayed typical seedling stem devel- 
opment. The main root system below the stem was excavated to reveal normal 
seedling-origin development of the taproot* In addition, inspection of the 
basal cross-sectional disc used to age the trees revealed that the first 
few mnua l  rings were s f  small radial increments characteristic of seed- 
ling-origin yellow-poplar. Sgrout-origin stems, by contrast, have wide 
radial increments the first few years of u a l  ring development. 

Three dominant md/or codominant crown class stems were selected from 
each o f  t he  or igin elasses present in each of the 14 s tmds .  Trees that 
showed s ips  o f  top dmage or bre&ge were rejected* Sprout-arigin trees 
selected osiginaed at or below groundline to reduce the possibility of 
smpBing decwed stems , 



Selected trees on each site were felled with a chainsaw and measure- 
ments were taken along the stem. These measurements included groundline 
diameter, stump height, stump diameter, diameter at breast height, diameter 
at base of crown, height to live crown, crown length, and total height. The 
measurement of height to live crown, crown length, and total height gave 
crown ratios and clear length of stems. After measurements were completed 
on each stem, cross-sectional discs were removed at 2-ft intervals along 
the entire length of the stem. Age of each tree was determined in the lab 
from the disc removed as close to groundline as possible. This proved 
critical for aging seedling-origin stems as yellov-poplar seedling height 
growth proved to be very small, in most cases, the first year. 

Preliminary height-age curves were plotted for each tree from age 
counts and the corresponding height for each disc. The three replicates 
for each origin class in each stand were compared for uniformity, and an 
average height-age curve plotted for each origin class in each stand (Fig. 
1). A family of curves for each origin class was then constructed using 
graphical curve-fitting techniques (Chapman and Meyer 1949; Husch et al., 
1963) that pooled all stands (Fig. 2). This step established the basic 
shape of each of the two sets of curves, one for each origin class. Fin- 
ally, harmonized site index curves for each origin class were constructed 
by 10-ft site classes at base-age 25 using standard techniques of Bruce and 
Schumacher (1950) (Fig. 3). The base-age 25 site index curves for sprout- 
origin and seedling-origin yellow-poplar were compared with one another to 
evaluate differences in shape. Each of the two sets of site curves also was 
paired with existing published base-age 50 site index curves for yellow- 
poplar to determine the combined usefulness for predicting site quality. 

VoBme was determined for the main stem of each individual tree. Two 
perpendicular measurements taken across the face of each disc were averaged 
for dlmeter .  This dimeter .was then employed in Smaliants formula (Husch 
et al., 1963) to calculate the volume of every 2-ft section of the tree 
with the exception of the top section. The top section was treated as a 
cone to obtain volwe and was added to the volume of the 2-f t sections to 
obtain total tree volume. 

Resfits Asld Discussion 

As expected, annual height increment of sprout-origin stems exceeded 
that of seedling-origin stems for the first 5 years on all sites (Fig. 4 ) .  
Annual height increment for sprout-origin stems and seedling-origin stems 
was approximately equal at age 7-8, after which, annual height increment 
for seedlings exceeded that of sprouts on all sites sampled. The greater 
initial height growth of the sprouts enables the sprouts to maintain a 
greater mean total height than seedlings up to age 25. Sprout-origin stems 
are able, at the younger ages, to bypass these constraints by being already 
well-established in the habitat, or site, and are able to forego the 
establishent period. 

After the fifth year, annual height increment for sprouts on all sites 
decreased steadily to the upper ages sampled ia this study, indicating 
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SPROUTS factors other than environmental 
conditions are involved in the de- 
creasing height increments. The 
crown and stem, in all likelihood, 
at the older ages grow in size rel- 
ative to the supporting root sys- 
tem. No longer are water and nu- 
trients, along with carbohydrate 
reserves in t h e  roots, provided in 
excess amounts. The early advant- 
age of a large food supply is lost. 
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Seedling height growth is very 
slow the first 1-3 years, during 
which time much energy is devoted 
to developing a strong root system. 
This period of establishment is the 
most critical stage in the life of 
an individual seedling (Spurr and 
Barnes 1980). This coincides with 
the period of greatest height 
growth of sprouts as compared with 
seedlings, again ref lee t ing the 
great advantage afforded the 
sprouts by originating on the par- 
ent root system. After t he  3-year 
establishment period, t he  seed- 
ling's root system begins to 

2. Family of (a) seedling-origin yellow-poplar, a d  (b) sprout- 
origin yellow-poplar heigtrt-age curves. 
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Piere 3. ized site index curves (base-we 25) for (a) seedliw- 
origin yellow-poplar, and (b) sprout-origin yellow-poplar. 

provide sufficient amounts of food and water to the crown enabling height 
growth to proceed at rates characteristic of yellow-poplar. 

In comparing sprout-origin stems vs. seedling-origin stems of yellow- 
poplar, it is important and relevant to view sprout growth as having the 
advantage of: (1) a large water-nutrient absorbing sys tem, the parent 
roots, already intact; (2) high levels of stored carbohydrates sufficient 
to maintain the old root system for several years; and (3) rapidly increas- 
ing photosynthetic surfaces as the new sprout unfolds new shoots, all re- 
sulting in the bypassing of the critical establishment period. The var- 
iable synonymous with a large photosynthetic surface in this study is crown 
length. Table 1 shows that sprouts have a greater photosynthesizing sur- 
face, due to a larger total crown length at all sites and ages, and is re- 
flected in those characteristics serving as sinks for photosynthates, name- 
ly dbh, total tree height, and total stemwood volume. 

Dbh was approximately twice as large for sprout-origin stems than for 
seedling-origin stems at all sites and at all ages up to age 24 .  Total 
height thereafter is the same for the two origin classes as the rate of 
height growth is less for sprout-origin stems. 

hother characteristic of importance is the amount of clear bole in the 
lover stem that can be related to sawlog potential* Trees on most sites 
showed little difference in length of clear boles between sprouts vs.  seed- 
lings. Bole length for the seedling-origin stems ranged from 3.3-22.9 ft . 
For sprout-origin stems, clear bole length ranged from 6.9-24.6 f t. For 



S I T E  I N O E X  70 both stem origins, length of clear 
B A S E  A G E  2 5  boles varied from site to site and 

4 between ages. This lack of a 
3 3 

strong trend can be attributed to 
site quality differences, degree of 

2 competition from site to site, and 
isLherited prlaning haracteristics. 

T More samples are needed to clarify 
any relationships for clear boles 
for sprout and seedling origin 

S I T E  8 M D E X  60 stems* However, it is evident that 
B A D E  A G E  25 the potential for good sawlog qual- 

4 4 ity does exist for both origin 
classes and over a range of sites 

3 a d  ages- 

2 2 
The polymorphic height-age 

I 1 curve shapes that were constructed 
from stem analysis data provided 
the basis for determining site in- 

* 
S I T E  I N D E X  5 0  

dex at early ages for seedling- 
2 BASE AGE 25 origin m d  sprout-origin yellow- 

4 poplar. The two sets of site index 
0, 
IE curves were each harmonized separ- 
W 
a 3 3 ately by graphic methods for a base 

age of 25 years (Fig. 3). The 
2 shapes of these two sets of site 

1 
index curves were compared with the 
shape o f  published site curves for 
yellow-poplar. Similarities of 
shape exist between sprout-origin 

~ Q E  (in years)  and seedling-origin yellow-poplar 
site curves from this study and 
Beck's (1962) Piedmont and Mountain 

Figure 4. Peridie kig'l.lt site curves, respectively, for yel- 
t for seedling-origin yel- low-poplar (Fig. 5). The curves 

low-poplar (plain bar) vs. sprout- produced from the sprout-origin da- 
origin yellow-poplar (striped) of ta of this study fit the shape of 

age p o ~ n g  on land o f  SI Beck's Piedmont curves very well 
50, 60, andl 70 (base-we 25), but show little correlation with 

Beck's Mountain curves (Fig. 6). 
On the other hand, the seedling- 

origin site curves derived from this study fit the shape of Beck's Mountain 
curves very well, but are meorrelated to Beckrs Piedmont curves* 

At this point it is appropriate to consider the differences in past and 
current land-use patterns between the Piedmont and Mountain physiographic 
regions. The Piedmont has a his to ry  of three centuries of habitation by 
European settlers dur ing  which time the l m d  has been w d g r  strict land 
management (Godfrey 1980). Except for bottomlands, it is safe to say that 
in South Carolina the Piedmont region has been used extensively as farm- 
land, active or abandoned, and a s  a timber-producing resource, managed or 



-orli@ yellow-pcrplar d sprmt- 

Height to Cfo 

Seedling 0.04a 0,Oha 1,Oa 14.6a 45.9a ?.$a 
7. Oa 

Sprratlr FGit: 4 6.16a 0.20~3 1-6b 18.8a 47.4a 9.9a 8.3a 

Seed Li ng 0. OZa 0.022 0.4a 8*0a 58.2a 3.3a 4.62 

Sprout cI~P 5 0.47b 0.56b 2.Sb 26.2b 74.lb 6.9h 19.3b 

Seedilng C.07a O.08a I.3a 15.7a 26.7a f1.4a 4.3a 

Sprout PH2 6 0.6% 0.7% 3.0b 23.2b 45.7a 15.Bh 13.4b 

Seedling 0 - OSa. 0.07a 1.2a 15.h 10.h 9.la 6.h 

Sprout PH 5 0.99b 1.10b 3.6b i6.5b 5i.Oa 17.4b 18.Sb 

0.713a 0 . 9 k  3.Oa 29.5a 51.3a 14.6a 
2 -- 

Seedling 
Sprout OFC 10 3.74h 4 , M b  6.3b 44.9b 61.4a 17.4a 

a -- 

Seed l i n g  0.30a 0.36a 2*0a 26.0a 37.8a 15.9a f 0 . h  
Sprout 10 1.70b 4.20b 6.4b 49-33 66.8b 16.2a 32.9b 

0.29a 0.3% 2.0a 26.6a 51.la 13.Ca 
2 -- 

Seedling 
Sprout TMC 11 2.32b 2.7% 5.Lb 41 , ib  59.3b 12.6a 

2 -- 

Seedling 0. i8a 0.23a 1.6a 24.0a 41-53 14.0a 10.0a 
Sprout WC I* 1.70b 2.1% 4.33 39.2% 59-9b 15.6a 23.71P 

2.3% 2,71a 4.7a 4 5 . h  49.7a 22.9a 22.5a 
.08b 7.%b 50-0a 50.9a 24.6a 25.4a 

Values  i n  the saw c a l m  followed by the  same letter indicate no statistical di f fe race  at 
the 0.05 level- 

Hissing data.  

Y % * , - s t * * E 4  
$0 20 3 0  4 0  5 0  6 0  7 0  BO 90 1 0 0  

AGE tin ;leaf. 1 

e 5. S i d l s i t i w  i n  height-qe ) sdliarg-.-origin 
yellow-poplar vith Beck's mountain ye t-age curges, and 

e * 
(b) sprout yellowpoplar with Beck' r ~ e l ~ ~ ~ - ~ ~ l ~  
heSght-we 
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Figure 6. Dissimilarities in heist-age curves between (a) sprout- 
origin yellow-poplar with Beck's mountain yellow-poplar height-age 
curges , and (b) seedling-origin yellow-poplar with Beckr s Piedmont 
yellow-poplar height-age curves. 

otherwise. In either case, the land has been extensively and repeatedly 
cleared, burned, and cutover; and it follows that a great potential for 
hardwood sprout regeneration has and does exist in the Piedmont, 

The Mountain region has not been subjected to the frequency of timber 
harvest as has the Piedmont, due mainly to steepness of slopes that limits 
access (Barrett 1980) and, therefore, minimizes the scope of h 
ies. This lack of frequent logging allows hardwoods, especially the oaks 
and yellow-poplar, to reach seed-bearing age and results in stump sizes too 
large for effective sprouting. The net effect is regeneration mainly from 
seed. 

Beck (1962)pstates that slope coefficients of his calculated curves for 
predicting site index for yellow-poplar in the Piedmont and mountains were 
significantly different, indicating differences in height-age relationships 
between the two physiographic regions. It is suggested that differences in 
curve shapes were probably due to prevalence of sprout regeneration of yel- 
low-poplar in Piedmont stands and seedling regeneration in mountain stands. 

Beck's (1962) Piedmont and mountain curves converge at age 50 with con- 
siderable differences in height growth patterns both before and after this 
age (Fig. 7). Beckf s Piedmont curves couple nicely with the sprout-origin 



yellow-poplar height curves obser- 
ved in this study, reflecting the 
early height growth advantage 
sprouts have over seedling-origin 
stems. After age 50, Beck's moun- 
tain curves maintain a superior 

s p n o u r - o n l o t N & p r E o U o N T  height growth rate compared with - SEEDLING -0RiGIN & MOUNT AIM his Piedmont curves, which is char- 
acteristic of seedling-origin stems 
as opposed to sprout-origin stems 
of the same species. The yellow- 
poplar site curves developed in 
this study, after the first 5 
years, indicate a faster growth 

AGE fin years 1 rate for seedling-origin stems than 
for sprout-origin stems. After 25 

Figure 7. Cornparis sprout- years the sprouts still have a 
and seedling-rigin coupled somewhat greater total heigbt over 
with Beck's Pi mountain seedlings but have a slower growth 
yellow-poplar height-age curves rate beginning about age 7 or 8. 
showing dissimilar height-age The seedling-origin stems, owing to 

of yellow-poplar to their greater annual height incre- 
reach SI 80 at age 50. ment after this age, eventually 

catch up to and exceed the sprout- 
origin stems in total height. Thus, 

assuming Beck's (1962) Piedmont and mountain curves are, indeed, derived 
largely from sprout-origin and seedling-origin stands of yellow-poplar, 
respectively, sprout-origin yellow-poplar maintains a total height advant- 
age over seedling-origin yellow-poplar to age 50, after which seedling- 
origin yellow-poplar exceeds sprout-origin yellow-poplar in height growth. 

An interesting and crucial point derived from the separate curve con- 
struction of the two different origin classes, sprouts and seedlings, is 
that considerable error can result in estimating site index when origin 
class is ignored (Fig. 8). The site curves show that seedling-origin and 
sprout-origin stems have different height growth patterns to reach the same 
site index at 25 years. For instance, at 16 years of age two similar yel- 
low-poplar stands can yield quite different estimates of site index, if one 
is mainly of sprout-origin and the other of mainly seedling-origin. A 
seedling-origin stand 46 ft in height at 16 years indicates a site index of 
70 f t using the base-age 25 curves for seedling-origin stands . By contrast , 
a sprout-origin stand 46 ft in height at 16 years is actually site index 60 
using the base-age 25 curves for sprout-origin stems. Using the improper 
set of site index curves for either stand could overestimate or underesti- 
mate site index by as much as a 10-ft site class at age 25. This error is 
far more serious when using base-age 50 curves. Thus, substantial problems 
in long-range management plans can result from incorrect assumptions of 
productivity from site curves that disregard origin of yellow poplar stems. 

It is relevant to point out that although total height between the two 
origin classes becomes nearly equal by age 25 in this study, sprout-origin 
stemwood volume greatly exceeds that of seedling-origin throughout the 25- 



AGE ( i n  ysaes) 

year period* Sprout stems at least 
be u t i l i z e d  f o r  high f i b e r  pro- 

duction over shor t  ro ta t ions ,  md 
i n  agdition can also grow t o  savlog 
dimeter i n  a shorter period than 
seedling-origin stems. Seedlings, 
on the other  hand, are free of bu t t  
r o t  often asscachted with sprout- 
or igin stems, Also, seedl ing 
height growth eventually exceeds 
sprout height growth and stemwood 
vsleune may follow the sme trends 
as trees ~ a t u r e  Classically, 
seedling-origin stems are desi red 
as sawlog products aver sprout-or- 
ig in  stems; whereas both sources of 
regeneration for  yellow poplar, 
seedking a d  sprouts ,  are capable 
of providing q u a l i t y  products. 

This study took place whi le  the  
author was a graduate research as- 

s h a ~ ~  s i s t m t  at Clemsoms Univewity and 
was supported by the  Southeastern 

tlan t h t  dl%_ occur i f  tfe origin Forest Exg>eriment: Station, Ashe- 
is i ~ o r & ~  ville, North Garolina, through the 

Piedmont Hardwoods S i l v i c u l t u r e  
Work Unit a t  Glemson, 
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REGENERATj0P.d OF TREE SPECEES 7 YEARS AFTER CLEARCUTTING 
IN A RIVER BOTTOM IN CENTRAL AUBAMA 

Michael S I  Golden and Edward F* Loewenstein 

Abstract- A mixed bottomland forest stand near the Alabma River 
was comerciakb clearcut, with partial injection treatment of non- 
commercial woody species. Based on inventory data taken 7 years 
foB%owlng the harvest, a stand with good potential commercial value 
is developing, Water plus  willow o&s, sweet sugarberry, a d  
green ash were the most abmdant species mong stems taller than 10 
feet* Compared with the preharvest overstory, water pkers willow 
oaks, green ash, and sugarberry have increased their proportions, 
sweetgum has remained constant, but cherrybark and swmp chestnut 
a& have declined. Flooding, herbivory, and low levels of ad- 
vance regeneration may have contributed to the Pow numbers of 
chervbark oak. 

Clearcutting as a natural regen- 
eration method for southern bottom- 
lad forests has been widely 
recornended as effective for rees- 
tablishing m d  even increasing the 
most valuable hardwood species (Kel- 
lison et ale 1981, Tolliver and 
Jackson 1989). Nonever, the results 
are not always satisfactory (Greshm 
1985) a Also, because of the wide 
diversity of site conditions, spe- 
cies mixes, m d  landowner sbjec- 
tives, the application of a tech- 
nique as drastic a d  controversial 
as cleareutting in these forests 
calls for as much howledge and ex- 
perience as possible. We report 
here the interim results of a study 
of a clearcutting application in 
west-ee~tral Alabama. 

a Paper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, %N, Oct. 30-Nov, 
a, a99s* 

Associate Professor and Graduate 
Research Assistat, Scb. Forestry, 
Auburn Univ,, BaL. 

Study Area 
The study site is located in the 

floodplain of the Alabama River near 
Selma, Dallas Gouty,  Alabma. "rree 
soil series are fomd within the 40- 
ac site studied: Minter loam-- a 
fine, mixed tbermic Typie Bchra- 
qualf; Congaree Lorn-- a fine-loamy, 
mixed, nonacid, tkermie Typic Wi- 
fluvent; a d  Cmtsn Bend fine sandy 
Ism-- a fine, mixed, thermic Ultie 
Wagludalf, The Minter loam areas 
are poorly drained a d  are found in 
lower areas wtnich typically have the 
water table at or near the surface 
during the winter and much sf the 
spring* The Congaree and Caton 
Bend areas are slightly higher and 
are better drained, although the 
Congaree soils have the water table 
near the surface (3-4 f t) during 
typical wianters (Reeves 2979). In 
normal years, the study site floods 
for brief periods during December- 
May * 

The staard is owed and maaged 
by Buchmm Hardwoods, Inc*, o f  Sel- 
ma, Mi. Tkrenty years prior to study 
installation m d  treatment, about 



1*6 mbEPae o f  overmture or poor-quality sawtimber trees were harvested, 
No cutting occurred between then and the beginsling of this study* 

Study IPElsim 
A square 40-ac area was comercially clearcut in s 

utilization of pulpwood (minimum one bolt with 4-inch diameter top) and 
savtimber Qminimw stump o f  about 12 inches dimeter) trees. Prior to the 
comercial harvest, the 40-ac area was divided into 16 square 2*5-ac treat- 
ment areas* The southermost 92 of these areas were rmdomly assiced one 
of three treatments: inject before ( I B ) ,  inject after (IA), or check ( C C ) ,  
The I B  treatment consisted of injecting all "wdesirable" species and pulp- 
wood sr smller-sized hickories (Cava spp.) and elms (Ulmus spp,) several 
months before the comercial logging operation, Undesirable s p e c i e s  were: - -  - - 

eastern hopbombem (Ostqa " " ' ), American hornhem (Carpinus caro- 
liniarra), privet (Lipstrm paw (Asimina triloba), haws (Cratae- 

spp.), snowbell (Styrax grmdifolia), mulberry (Mosus -- rubsa),  
The I A  treatment consisted of injecting the same species shortly after the 
logging bias completed* Ns trees 10.5 inches a d  larger dbh were injected 
in either treatment* nere  wre four replications sf each treatment md 
the check. The check involved no treatment other than the comercial log- 
ging opera t ion .  The nsrthermost four areas (total of 10 ae) received a 
"CU t bef orev' (CB) t reatment,  where understory trees were felled and pulp- 
wood removed* Motes from the researchers who installed the study leave 
unclear the degree of t bnde r s t sv  removal beyond good pulgwood utilization. 
Cull  swtimber-sized trees o f  csmercial species apparently wre not cut in 
m y  of the treatments* 

Heasurements 
Prior to  my of the treatments, the overstov of each 2.5-ac treatment 

area was inventoried with a single 015-ae eireular p l o t  (83.26 f t  radius) 
centered in the treatment area, where all. stems Larger than 5,5  inches were 
recorded by species a d  dbh, The subcanopy trees were inventoried by four 
O,Ol-ac circular plots (11.78 f t  radius). A subemopy plot was centered at 
33 ft from the overstsry p la t  center in each of the four cardinal direc- 
tions. In each of these O.01-ac plots, all tree stems 5.5 inches dbh and 
smaller, but taller t h m  1 f t ,  were recorded by size and species, Non-tree 
species such as pawpaw, snowbell, privet, md haws were not included in the 
data reported here. 

The s tudy  area was inventoried again in the fall of 1989, At this time, 
there had been seven f u l l  growing seasons sinee the skmd was harvested. 
It proved impossible to  exactly relocate mst sf the original 0.01-ac sub- 
cmop9~ plo ts ,  so the entire 40-ae area was sampled using a system of s t r i p  
t rmsects.  Prom a rmdawly located starting point, parallel, 12-f t-vide 
s t r i p s  were inventoried, spaced at 330 ft intervals, ghis provided one 
strip through each o f  the four rows o f  2,5--aic treatment areas. These 
strips were divided into 12-ft-long sements fQr data recording, APb tree 
species were recorded in four size classes: < 4 f t  tall; 1-3 f t  tall; 3-10 
ft tall; and > 10 f t  tall* Multiple-stemed sprouts were treated as one 
@%stemD' in the malysis. Fie report here snEy on the stems which were > 1 f t  
ta l l  



Data were grouped into fwr classes. These were: preharvest overstow, 
preharvest understol̂ y, total 7-year stems taller than 1 ft, and "cmopyU 7- 
year stem (those taller t h m  10 ft). Stems per acre could be obtained for 
all classes at both times, so this nteasure was used for comparisons. 

Our inability to relocate the 0*01-ac plots after 7 years, the lack of 
random installation for the four replications of one of the treatments, surd 
very large vasiation in speeies composition within replications sf treat- 
ment areas before the harvest (standard deviations for stemsjac were typic- 
ally several times the speeies means) forced us to conclude that the power 
and validity of statistical. tests mong species or speeies groups between 
the two measurement times would be suspect at best. Further, there is no 
basis to expect that the two iPljection treatments would differ sieifi- 
cantly in their impacts on stand composition, so separating them is unjus- 
tified* The only treatment comparison with clear potential for  impact on 
stand composition was the injection of noncommercial sterns (IB axnd I A )  ver- 
sus no injection (CB and CC) . However, close examination of averages and 
proportions of total stems by species a d  species groups ( e ' g . ,  a11 cnm- 
rnercial species, all oaks, all noncommercial species) indicated that gen- 
eral patterns a d  relationships (and, in most cases, specific values) were 
very similar, Apparently, microsite, harvesting, amzd preexistiw variation 
masked any potential differences among these treatments, 

Consequently, ve have combined all data from the entire 40-ac site m d  
treated the stand as a ease study. As such, it represents results asld 
trends for a specific application of commercial clearcut ting, with pulpwood 
utilization m d  partial injection treatment of noncomercial woody species. 

Results 

The prehasvest overstory (stems larger thm 5.5 inches dbh) averaged 96 
trees/ac, total l ing 104.5 ftz/ac basal area. It was dominated by the s&s, 
which comprised 44percent of the basal area though just 24 percent o f  the 
nwnbers of stems (Table 1). A nmber of stems, particularly those of cher- 
rybark oak (Quercus exceeded 26 inches in diameter. The other ma- 
jor oaks were swmp u t  oak (Q. michawii), vat 
low oak (Q .  phellos) , and a few scattered white o 
(~i~uidambar s tyraci f lua) and sugarberry (Celt is 
prominent emopy dominmts (Table 1). Other species included green ash 
(Fraxinus pemsylvaniea), red maple (Acer rubrum), America elm (Olmus m- -- -- 
ericana), m d  at Least tvo species of hickories (&~a spp.). Gomercially 
valuable species averaged 80 stemslac (83 percent). 

An average sf 860 urnderstory trees/ac ( 5 - 5  inches 01: less dbh, but  tal- 
ler than 1 f t )  were tallied in the preharvest inventory, Most s f  the im- 
portat overstory species were represented in larger ambers, although in 
smaller proportions, t h m  in the canopy (Tr?ble I). Ash was an emeption, 
occurring in a Larger proportion in the understory (12 vs 5 percent), The 
oaks averaged 135/ac (3.6 percent), with a small number of svescup o&s (0. 
lyrata) included* Water plus willow s&s (combined in the data s u  



were most prominent (83/ac), but cherrybark oak was scarce (I l l  ac) and 
white oak was absent ,  As a group, comercially v d u a b l e  species averaged 
506 stemlac i n  the understory (59 percent). Understory proportions of the 
overstory species were skewed by the la rge  number of noncommercial spec ies  
stems (354/ac; 41 percent). These noncommercial species were mostly shade 
tolerant spec ies ,  such as American hornbeam (198/ac) and red mulberry 
(158/ac). 

Table 1- t stmd overstay md mderstoq, m- 
d ar- m d  st 

Species 
Understory 

Stem dens i ty  

Cherrgrbark o& 18*2 17 
S w m p  chestnut o& 3% 6 10 
Waterlwillow o& 14.3 14 
mite o& 2,8 3 
Sweet 19*5 19 
Green ash 5,J 5 
Sugarberlsgr 24.4 14 
Other c s m e r c i a l l  14*7 14 
MoncomerciaL2 4.9 5 

To ta l s  804.5 96 

percent percent 

11ncLudes red wple, elms, hicbries,  wkite, a d  overcup o&. 

Primarily her iem hornbem, but also f l w e r i n g  domood m d  red 
mulberry 

After seven growing seasons, mst of the area was dense with a regrowth 
o f  seedl ings ,  s p r o u t s ,  vines,  briars, and a few sca t t e red  residual  trees. 
A couple of loading areas used i n  logging were st i l l  some~hat  open, ;and a 
smll road traversed the 40-ac area. Patches sf chinaberq  (Helia -- azed- 
arach) occurred i n  some sections, but were generally falling behind other  
trees i n  growth. Stems of t h i s  species were i p o r e d  i n  mafyses. 

Most of the dominants were 16-25 f t  tall at age 4, a d  a s m p l e  averag- 
ed 19 f t tall, Thus, i t  seems reasonable to assme that  very fen of t h e  
stems less t h m  10 $t ta l l  are likeby to become part of the dominant cartogy 
without some mmipulation of stmd density.  Consequently, the  stems taller 
thrasr 16 f t  c m  be considered the best current indication sf the emow 
composition 10 to  28 years i n  the fu ture*  



A total of 2,283 stems/ac of tree species (excluding chinaberry) was 
present at age 7 (Table 21, with 1,820 of these (80 percent) being of com- 
mercial species. An average of 822 stems/ac were trees taller than 10 ft, 
with 644/ac (79 percent) being of commercial species. The most abundant 
species was sugarberry, with 723 stemsiac, or 32 percent. Of sugarberry 
stems, 119 were more than 10 ft tall (14 percent of this size class). 

(261/ac; 11 percent) and green ash (162/ac; 7 percent) had res- 
pectable numbers among total stems and higher proportions among the canopy 
size class (137/ac, or 17 percent, and 87/ac or 11 percent, respectively). 
Scattered loblolly pines (Pinus taeda) seeded in on some of the better- -- 
drained areas, averaging 19 total stems/ac (0.8 percent) and 5 stems/ac 
taller than 10 ft (0.6 percent). Most of the 14 pine stems/ac shorter than 
10 f t were in free- to-grow positions in openings (from loading areas or by 
the road) so they can be expected to remain part of the future stand. 

Table 2. Tree species composition of the developing stand 7 years £01- 
i t y  and percent 

dler t k  1 ft and taller t h  10 ft. 
- -- 

Species All stems Stems >10 ft tall 

Cherrybark oak 
Swamp chestnut o& 
Water/willow oak 
Sweet 
Green ash 
Sugarberry 
Loblolly pine 
Other commercial 
Noncommercial 

Totals 

percent 

(1 
1 
13 
11 
7 
32 
1 
14 
20 

#lac percent 

Includes red maple, elms, hickories, and overcup oak. 

Primarily American hornbeam and red mulberry. 

The total number of oaks was 324/ac (14 percent), and they comprised 
about 19 percent (157/ac) o f  the canopy size class. Water plus willow oaks 
had the highest population, both among total stems (289/ac; 13 percent) and 
the canopy class (142/ac; 17 percent). The two highest quality oak spe- 
cies, swamp chestnut oak and cherrybark oak, had very small numbers among 
the regenerating stand. Swamp chestnut oak had 20 total stems/ac (0.9 per- 
cent) and 12/ac taller than 10 f t (1.4 percent). Cherrybark oak averaged 
just 11 total stems/ac (0.5 percent), and only 0.7 stems/ac taller than 10 
ft (0.1 percent). 



Discussion And C=onclwions 

The effect of the injection of noncomercial species, which was con- 
ducted on half of the 40 acres, is not clear. Injection should have re- 
duced the stem numbers of most of the species treated, but this could not 
be established from these data. The more important question, whether or 
not the injection of undesirable species resulted in an increase in com- 
mercially valuable species numbers, could not be determined. 

I f  the composition of stems taller than 10 ft at age 7 is taken as an 
estimate of the future stand makeup, clearcuttiq the former stand has pro- 
duced adequate numbers of potentially valuable trees. The 644 canopy stems 
/ac of comercia1 species should be adequate for production of quality saw- 
timber, although uneven distribution has left scattered areas understocked. 

Trends in compo- 
sition can be more 
easily seen when the 
proportions of each 
species for each 
time and size cate- 
gory are directly 
compared, as in Fig- 
ure 1. Probably the 
most useful compar- 
ison is between the 
species proportions 
for the pre- and 
postharvest over- 
stories (the first 
and last bars of 
Fig. 1). A general 
similarity is read- 
ily apparent. The 

Figure 1. Species composition in percent of total slightly higher pro- 
t overstory and understory, a d  portion of noncom- 
r than 1 ft and for canopy- mercial stems is to 

be expected in the 
regenerated stand at 
this age. The two 

species which comprise nearly all of the nonconunercial stems (American 
hornbeam and red mulberry) should fade back into the understory as the 
stand develops further. Assuming then that commercial species will in- 
crease in proportion in the coming years at the expense of the noncomer- 
cial, species groups in the canopy should achieve very similar proportions 
to those of the preharvest stand. However, green ash and water plus willow 
o& have already increased in comparison to their preharvest canopy pro- 
portions (Fig. 1; 11 vs 5 percent and 17 vs 6 percent, respectively). 



The largest reductions occurred for  two of  the f9select" s&s (Putnm et 
al., 1960), swmp chestnut m d  cherkybark oak (10.6 to  1.4 percent a d  5.2 
t o  0.1 percent,  respe@tively), However, i t  is possible that  present pspu- 
l a t i o n  l e v e l s  of these species  do not represent reductions i n  nurnbers s f  
these species in the  fu ture  s t m d *  For exmple, t h e i r  total stem numbers 
at age 7 were a c t u a l l y  higher t h m  i n  the prekaarvest cmspy (20 vs 10 
stemsdae a d  11 vs 5 sterns/ac for svmp chestnut m d  chervbark o&, res- 
pect ively) .  Chervbark o& is able in even-aged stmds to overt&e (at 
;tges 20-30 years)  y other bot tomlad species which are taller at yomger 
ages ( C l a t t e r h e k  m d  Efodges 1988)* It i s  possible t h a t  all sterns s f  these 
two o h  at  age 7 m y  survive a d  produce dominmt overstory stems* Mow- 
ever ,  de ta i led  exmination s f  height distributions wedews this possibility 
f o r  cherrybark oak* O f  i t s  11 t o t a l  stemsdac, 4.4 are less t h a  3 E t  t a l l  
and could not reasonably be expected to  achieve dominarace without belng 
released.  It is also laniikely that a l l  o f  the  3- to  10-ft-tall stems w i l l  
become dominmt since some s f  them are overtopped. So, i t  seems reasonable 
t o  predic t  tha t  the re  will ultimately be fewer cherrybark s&s i n  the fu- 
t u r e  cmopy t h m  were present at harvest ,  Swmp chestnut o& w i l l  probably 
have as many o r  more stems i n  the fu ture  emopy since i t  had 82 /ac i n  the 
?-year 10 f t  p lus  canopy, m d  m additional 5 stemsdac between 3 and 10 f t  
ta l l  * 

It is i n t e r e s t i n g  to note tha t  the t o t a l  nmber  o% cherrybark s& stems 
a t  age 7 is almost exactly the sme as was recorded for  the preharvest m- 
ders to ry  (lL/ac). So i n  this case, the !!advaxlce regenerationw o f  t h i s  spe- 
c i e s  was an accurate predictor of i ts  to t a l  nmbers i n  the  7-year stmd, 
This did  nor: bold as ve11 for "ere other O&S, since waker/willow o&s in-- 
creased more t h m  threefold (389 vs 83 stemslac) m d  svmp ches tnut  0& 
numbers declined (20 vs 33 ~ternslae)~ 

I n  l i g h t  s f  the success s f  some of the other o&s, the reason for the 
poorer regeneration success s f  cherrybark oak is not clearo Its smller 
preharvest  population made it more s ens i t i ve  to negative factors m d  
events,  such as hgsbivory m d  flooding, There appears to  be a high pspu- 
l a t i o n  of white-tailed deer (Odocoileus i n  the area* We do 
not have adequate information iled f loading h i s  tory 
&ring the 7 years  following cu t t ing ,  but we speculate that t h i s  had m 
e f f e c t  on the surv iva l  of smller cherwbark o&s. This specfes i s  sensi- 
t i v e  t o  inundation (where the growing t i p  fs covered), par t icular ly dur ing  
the  growi~ng season (Hssner 0 ;  Jones e t  aL., 1989). The s i te  was flooded 
b r i e f l y  during the early s er o f  1989. This  event i s  ~ E f k e l y  to have 
a f fec ted  the stem cotlnt s f  that  sme year* However, if such events occur- 
red dur ing the first 2 or  3 years after harvest, i t  may have kihled mmy 
slnall seedl ings  ( p a r t i c u l a r l y  those recently germinaed), reducing m al- 
ready small number of eherrybark oaks* This would increase the  relimce on 
t a l l e r  stems, which would have been primarily sprouts and advance regener- 
a t ion ,  Ve i n f e r  from t h i s  that a larger m o m $  of advmce regeneration 
( t h e  preharvest mderstsq) would have been required i n  order to have in- 
creased the numbers of cherrybark o& in the  new s t a d ,  This emphasizes 
the  need to  develop large nmbers af advmee regeneration when maaging ts 
increase eherrybark oak i n  flood-prone areas* 
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OAK REGENERATION IN ABANDONED FBELDS: 
PRESUMED ROLE OF THE BLUE JAY ' 

Robert T. Deen and John D. Hodges 

Abstract. Abmdoned hayfields on the Nombee Hational Wildlife Ref- 
uge in central Mississippi contained a high stocking (876-1101 ha) 
sf red oak (Quercus spp.) seedlings. The source of the acorns was 
not apparent, The fields were located on a terrace not subject to 
flooding. Also, acorn fall from oak seed trees was not a factor. 
Therefore, an outside agent--presumably the blue jay (Cyanocitta 
cristata L.)--was responsible for acorn caching within the fields. 
Age of red oak stems coincided with termination of management prac- 
tices, L e e ,  mowing and burning. The management practices created 
conditions conducive to acorn caching. Oak rootstocks ranged in 
age from 5-10 years, indicating that acorn caching occurred over a 
period of time. Mowing practices resulted in a high percentage of 
oak coppice stems (93-99 percent) which are better able to compete. 
The fields will eventually revert to red oak dominated forests. 

Lntrductian transport was dismissed as a mech- 
anism of acorn dispersal. Distance 

The role of the blue jay of regeneration from the forest edge 
(Cyanocitta cristata L * )  and rodents 
in foraging and dispersing acorns 
has been documented (Chettleburg 
1952, Smith and Follmer 1972, Bos- 
sema 1979, Darley-Hill and Johnson 
1981, Jensen and Nielson 1986, John- 
son and Adkisson 1986). 

Visual observation indicated 
that red oaks (Quercus spp.) were 
regenerating in open fields along 
Keaton Tower Road on the Noxubee Na- 
tional Wildlife Refuge ( 
ubee County in central Mississippi. 
Due to the topographical position of 
the fields, on terraces overlooking 
the Cypress Creek floodplain, water 

coupled wi th the relatively large- 
size of red oak acorns negates the 
role of gravity and wind for acorn 
dispersal. The purpose of this 
study was to investigate regenera- 
tion of oaks in abandoned fields m d  
the possible role of blue jays in 
that regeneration, 

Literature Review 

William Bartram wrote, "The jay 
is one of the most useful agents in 
the economy of nature, for dissemin- 
ating forest trees--these birds are 
capable, in a few years time, to re- 
plant all cleared land (in Johnson 
and Adkisson 1986)." mile the role 

Paper presented at Sixth Biennial the jay fulfills in forest regenera- 
Southern Silvieultural Research Con- tion has been recolynized for some 
ference, Memphis, W, Oct. 30-Nov. time, the jay has only recently been 
1, 1990., recognized within a wider range of 

the  scientific community as an im- 
Research Assistant and Professor, portmt component of forest ecology* 

Dept . Forestry, Mississippi State Specifically, jays function in the 
Univ., HS. 



local estaMishment of oak forests on open sites through acorn caching 
(Chettleburg 1952, Darley-Bill and Johnson 1981) and, on a biogeographical 
basisp in aiding the rapid northward expansion of oak species from southern 
refugia following the last glacial episode (Johnson and Adkisson 1986, Page 
and Norton 198% )1 

Aust et ale (1985) reported on the existence of pure oak stands on 
floodplains and terraces within minor streambottoms of east central Mis- 
sissippi. The major causal factor in the existence of these pure oak 
stands (at least 70 percent oak) was some form of disturbance, either mow- 
ing, grazing, or burning. This, they argued, led to the development of 
sprout-origin oak stems better able to compete with other woody vegetation. 
A majority of the stands of their study were on old field or old pasture 
sites. They noted that flooding and residual oak seed trees could account 
for the seed source in most of these stands. However, there remained some 
question as to the manner in which acorns were distributed within the 
stands . 

European jay (Garrulus glmdarius Hart.) adults consume acorns and also 
regurgitate the acorn meat to their young (Bossema 1979). Hall (1977) re- 
ports that acorns are a major source of food for blue jays in Florida. 
kcorn conswnption is directly related to total mast production but, by 
caching acorns, blue jays insure themselves of a food source later in the 
year* Jays relocate their caches and consume the acorn fruit during the 
fall, winter, and early spring. During the late spring-early sumer, jays 
visually identify emergent oak seedlings by their cotyledons and consume 
the cotyledons or feed them to their young (Harper 1977, Bossema 1979). 
hring the caching process jays remove one to five acorns from the tree, 
place them in their esophagus and bill, and fly to a caching or burial 
site. The jay then uses its bill to create an opening in the ground within 
which to place an acorn. Acorns are regurgitated and placed singly within 
a. hole. The cached acorn is then covered with debris. This process is 
repeated u n t i l  all acorns are buried. The placement of acorns in the 
ground and covering them with debris serves to protect the acorns from 
desiccation and predation, enhancing the probability of germination. 

Caching acorns is similar to direct seeding oaks. Direct seeding 
acorns at depths of 2.5-15.0 cm is successful, however, higher germinatiorl 
percentages occurred at planting depths of 2.5-5.0 cm for nuttall oak (a. 
nuttallii P. ) and 5.0 cm for cherrybark oak (Q. - pagoda Raf. ) (Johnson 198T, 
Johnson and Mrinard 1985). 

Placing acorns just beneath the surface will not insure complete pro- 
tection from rodent predation, but if many acorns are cached by jays at a 
particular site enough may escape predation. Chettleburg (1952) observed 
that a single jay could cache 1800 acorns in a 10-day period and, fdlowing 
35 birds, he determined 200 thousand acorns could be cached during one 
autumal period. 

hother factor beneficial to germination success of cached acorns is 
the fact that jays shake collected acorns discarding those that rattle, in- 
suring that sound acorns are planted (Darley-Will and Johnson 1381). The 



nwnber of acorns that produce seedlings is, in all likelihood, a function 
of the abundance of acorns produced. Given the propensity of jays to col- 
lect and cache acorns (Chet tleburg 1952), it follows that in a year of high 
acorn production more acorns would be buried than could be utilized, resul- 
ting in a high number of seedlings. Conversely, in a year of Low acorn 
production there would be a more complete utilization of cached acorns due 
to a smaller quantity cached and, therefore, a reduced number of seedlings. 
Bossema (1979) states that given the large number of acorns cached by an 
individual jay, up to 46 thousand, the probability of complete retrieval of 
all acorns is unlikely due to the memory required to locate all caching 
sites, and the probability of death or emigration of the caching jay. 
These circumstances would lead to germination of the cached acorns* 

Blue and European jays transport acorns from collection to caching 
sites over distances from 1-5 km (0.6-3.0 mi) (Harper 1977, Bossema 1979, 
Darley-Hill and Johnson 1981). In central Mississippi blue jays have been 
observed transporting acorns 0.8-1.2 km (0.5-0175 mi), The northward ex- 
pansion of the oak species following the last glacial retreat may have been 
assisted by jays (Johnson and Adkisson 1986, Page and Morton 1989). 

Darley-Hill and Johnson (1981) stated that blue jays preferred acorns 
of willow oak (Q* - phellos L. ), pin oak (a. palustris L. ), &d black oak (Q. 
velutina Lam.), that range in size from-1.1-1.7 cm in diameter. Jays ig- 
nored larger acorns of northern red oak (Q,  borealis Mickrx. F.) and white 
oak (Q. alba L. ). They also found that ?he blue jay preferrei acorns in 
the weight range of 0.7-3.0 g. Bossema (1979) found that the European jay 
preferred acorns in the weight range from 2.0-4.0 g. Caching sites prefer- 
red by jays appear to be an early successional stage where vegetation is 
low which permits easy access (Bossema 1979). 

Rodents may also place acorns within open fields. Jensen and Nielsen 
(1986) reported that the invasion of oak into Danish heathlands was due to 
the wood house (Apodemus sylvaticus Kaup) , and the bank vole (Clethrionomys 
glareolus T.). They concluded that the dispersal techiques of the rodents 
could explain the 300 m advance of oak into the heathlad in 100 -years. 
They found that these rodents tended to move acorns an average distance of 
24 m from the source tree. By burying acorns away from the source tree the 
probability of seedling germination and establishment is enhanced by remov- 
al of intraspeci f ic compe t i t ion be tween source tree and seedling (Jensen 
and Nielsen 1986). Rodents tend to scatter hoard, whereby acorns are cach- 
ed in multiple numbers per caching site, which results in clusters of oak 
seedlings. 

Scatter hoarding by squirrels (Sciurus spp.) prevents other seed preda- 
tors from scavenging available acorn supplies, while the act of burial is 
beneficial to seedling establishment (Smith and Follmer 1972). However, 
squirrels tend to bury their acorns within the forest as opposed to open 
sites. Jensen (1982) found a direct correlation between rodent population 
size and mast production in oak-beech forests. The increase in population 
size implies a substantial mount of seed consumption, but would also re- 
sult in increased scatter hoarding, increasing the chances of seedling 
production. 



Johnson and Krinard (1985) state that rodent consumption of direct- 
seeded acorns can be disastrous. However, acorn consumption by rodents 
decreased as size of forest openings increased, up to approximately 0.8 ha, 
after which rodent consumption decreased drmatically (Johnson 1981). This 
correlation was attributed to increased predation of rodents by raptors in 
larger openings. The fields of our study were of comparable size to 
fields found to be free of rodent predation (Johnson 1981). This supported 
our belief that the blue jay was primarily responsible for acorn placement 
within our fields. 

Methods 

Three abandoned hayfields located on Keaton Tower Road on and one 
older, abandoned hayfield located on a private landholding, Arnold 
Tract, off the Sessums Road near the Noxubee-Oktibbeha County lines in cen- 
tral Mississippi were sa to characterize and quantify hardwood regen- 
eration. Field size on was 0.3, 0.75, and 1,1 ha, while the Arnold 
Tract was 5.1 ha. Circu lots (0.004 ha) were placed within the fields 
using a systematic grid sample with distances between plots and lines rang- 
ing from 10x10 m to 20x10 m, respectively, on the fields and 60.4x60.4 
m on the Arnold Tract. 

Species-specific measurements taken within the plots included total 
number of stems by origin class, sprout or seedling, and by height class, 
< 30 cm or > 30 cm. Each plot was subsequently divided into four quadrants 
based on cardinal points. Within each quadrant, one dominant red oak and 
one dominant sweet& (Liquidambar s tyracif lua L. ) , if present, was measur- 
ed. These stems were categorized by stem origin (sprout or seedling) and, - 
if a sprout, the total number of sprouts per stump was recorded. Total 
height (cm) and root collar diameter (mm) 2.54 cm aboveground were also 
measured. Data were analyzed using ANOVA and significance was indicated at 
the 0.05 level by the F-test. 

Mature cherrybark oaks that were deemed to be capable of producing 
acorns and serve as a possible seed source were located within the forest 
to a distance of 61 m from each NNWR field edge. These trees were classif- 
ied with respect to dbh and mapped according to distance and bearing from a 
fixed point. 

In addition, on the NNWR fields tree stems and rootstocks were aged in 
1990-- 1 year after field measurements were taken--in an attempt to deter- 
mine past history of oak establishment. Also, NNWR records were studied to 
reconstruct field history. Where information was scant personnel 
provided missing information. The three fields on the were cut for 
hay until 1986 and were then mowed and/or burned through late winter 1988, 
after which natural succession was allowed to occur. According to NNWR 
personnel, the fields were in hay production for at least the previous 10 
years and, more than likely, for the previous 20 years prior to 
abandonment. 



Stems from all three fields sn  the were 2 years old and dated 
back to the time when mowing and/or burning were excluded, and the stand 
was allowed to develop naturally (Table 1). The rootstocks, however, were 
variable in age and ranged from-5-10 years old. One limiting aspect of oak 
seedling development is slow initial height growth that prevents oaks from 
competing on an equal basis with other hardwood species. While continual 
mowing of hay prevented stem development from occurring other than 
ly, the rootstocks were allowed to grow and cumulatively increase food re- 
serves. When the stems were no longer muwed the abundant food reserves of 
the rootstock allowed an aggressive stem to develop, which, in the case of 
the oaks has allowed them to be competitive with other woody stems. In an 
oak stand development study, Aust et ale (1985) reported that 78 percent of 
stands with a high percentage sf oak had some form of disturbance that al- 
lowed development of sprout origin stems enabling the oak to compete on a 
more equatable basis. Ninety-four percent of the oak stems were of sprout- 
origin, 

Table 1. Me, in of oak st Continual mowing has prob- 
and roatstocks, fr don& fie ably led to a greater number 
on the N o m k  National Wildlife Ref- of oak stems on the 
uge, HS, spriw 19%- fields due to the prolonged 

caching efforts of blue jays 
and rodents- In it natural 

Rootstock Stem disturbance (e.g., a blow- 
Field Species " age age down) there would be a far 

more limited period of time 
for acorn placement. 

----- (yr) ----- 
Heights of sweetpm stems 

2 CBO 1 5 2 were significantly greater (P= 
CBO 2 5 2 0.05) than red oaks in field 
CBO 3 8 2 18 and field 3, with no sig- 

nif icant difference in heights 
in field 2 (Table 2). Root 

3 CBO 1 6 2 collar diameter was also sig- 
CBO 2 - 2 nificantly greater for sweet- 
CBO 3 - 2 m m  in field 18 and field 3, 

V 

and significantly greater at 
the 0.10 level in field 2. 

18 CBO 1 - 1 Similar trends occurred with 
CBO 2 - 2 relation to the total number 
CBO 3 10 2 of sprouts per stump, with 

sweetgum having a signifi- 
cantly greater number of 

CBO = cherrybark oak. sprouts in field 18 and field 
Stem aged in 1989. 3, and a sigrrificmt differ- 

ence at the 0.10 level in 
field 2. 

On the Arnold tract the only dominant trees were oak species. There- 
fore, no comparison between sweet and oaks were made. 



Cherrybark oak acorns from a different study (unpublished data) were 
graded into an acceptable size class for planting. Twenty acorns randomly 
selected from this particular size class averaged 2.2 g in wet weight, 14.1 
mm in length, and 15.8 mm in width. These averages fell within the range 
of preferred acorns (Bossema 1979, Darley-Hill and Johnson 1981). There 
are no data available for size characteristics of other red oak species, 
e.g., water (a. nigra L.)  and willow oak, found within the fields. Based 
on personal observation, water and cherrybark oaks are somewhat similar in 
size with willow oak being smaller than the afore mentioned oak species. 
Our observations suggest there is selective preference by foraging birds 
for cherrybark oak acorns due t o  the ease with which the shell can be brok- 
en open. Perhaps this selective preference coupled with the desirable size 
characteristics of cherrybark oak may explain the higher nmbers of that 
particular red oak species in the f i e l d s .  

Table 2. Gompisofls of height (m), rmt COI- 
31ar diaeter (RC), md n m k r  of sprouts -pea: 
stmp (SP) far st of red o& (RO) a d  met- 

(%) on a b d a n d  fields on the R o m k  Ha- 
tional Wildlife Re-, MS. 

Stem" 
characteristic Field 1B2 Field 2 Field 3 

" 0  = red oaks; includes cherrybark, water, 
a d  willow. 

Means within a field and a characteris"cie not 
followed by the same letter are signifi- 
cantly different at P = 0.05, according to 
the F-test. 

Nn significant difference at the 0.05 level, 
but significantly different a t  the  CIe10 
level. 

Analysis of the number of oak stems per plot  suggested a t rend based on 
edge effect for the larger fields, i .e. ,  fields 3, 18, and the Arnold 
Tract, which are approximately 0.8 ha in size and larger. More oaks were 



found in plots 10-12 m from the forest edge, with numbers decreasing as 
plots progressed towards the center of the fields. However, these trends 
appeared not to be related to oak trees around the perimeter of the fields 
owing to their low numbers and random occurrence. The mre open nature of 
the fields may enhance the ability of predators to prey on rodents (Johnson 
1981) and, possibly, blue jays that venture out into the open. It is high- 
ly likely that caching would occur nearer to the forest edge to provide an 
avenue of escape for the caching species. Johnson m d  Krinard (1985) noted 
that raptor predation may serve to prevent rodent acorn consumption in op- 
enings 0.8 ha in size and larger. Field 2, which is 0.3 ha in size, does 
not follow as obvious a trend sf more oaks along edge plots* This field is 
longer than wide, hstrever, and thus may have more edge. On the Arnold 
Tract there is an island of trees within the field that is older than the 
regenerating species occupying. a majority of the field, The trees within 
this isolated island are not of seed-bearing age and, therefore, cannot 
serve as a seed source for the field. This island of trees may provide an 
edge effect as there is a high number of oaks occurring within a plot lo- 
cated next to the older clump of trees. The occurrence of oak seedlings 
within the field is not associated with oak seed trees, again emphasizing 
the role of an outside agent in establishment of oak regeneration. 

fields had a significantly higher number o f  oak sprouts in 
lasses, < and > 30 crn than oak seedlings. ual mowing ap- 

parently led to a greater number of oak stems in the fields. Perhaps the 
annual suppression of vegetative growth allowed continual acorn caching by 
blue jays and, possibly, rodents. Mowing resulted in coppice development 
of oak stems that are better able to compete. Stands dominated by oak 
will, in a11 probability, develop on these abandoned fields. 

on field 18 had a significantly greater number of sprouts 
lasses than sweetgum seedlings. There was no significant 

sprouts and seedlings of both height classes on 
e Arnold Tract (Table 3). 

The natural development of these fields to forest will probably follow 
the trends Clatterbuck and Hodges (1988) found in mixed cherrybark oak- 
sweetgum stands. If so, sweetgum will dominate the stand through the first 
20 years of stand development, with cherrybark oak gradually overtopping 
the sweetgum and becoming the dominant component of the overstory. That 
study dealt mainly with seedling-origin stems of both species, and it is 
conjecture at this point to surmise that the oak sprouts will overtop those 
of sweetgum earlier than in seedling-origin stands. Sweetgum sprouts may 
exhibit a decreased annual height growth increment at an earlier age than 
sweetgum seedlings while, conversely, oak sprouts may exhibit a greater 
annual height growth increment than oak seedlings. The interplay of these 
factors would result in oak overtopping the sweetgum earlier than reported 
by Clatterbuck and Wodges (1988). 

Another factor indicating blue jays to have been the main means of oak 
establishment in the fields is the fact that there were no clustering of 
oak stems from multiple acorn caching by rodents. Clustering would have 
been apparent in the inspection of seedlings for origin class (seedling or 
sprouts). 



Table 3. rs af red oak (RO) and sweet 
igin class, i.e., seedling (SD) or sp 
class for abandon& s on the Nomk Nlatioml Wildlife 
Rewe, HS, a d  the Tract, MS. 

Origin Ma. stemslht Class 
Field Species class < 30 crn > 30 cm 

3 RO SD 8a 
RO SP 294b 
SG SD 3a 
SG SP lla 

Arnold hiO SD 
Tract 3-30 SP 

SG SD 
SG SP 

"0 = red oaks; includes cherrybark, water and willow. 

Means within a field and a characteristic not followed by the 
same letter are significantly different at P = 0.05, intra- 
specifically, according to the F-test. 

The only other hard mast species, other than oaks, that occurred within 
the fields was hickory (Carya spp.). Hickory was only located in plots 
along the edge of the forest in field 18. Because of size, hickory nuts 
were probably carried into the field by squirrels. The other hardwood spe- 
cies found within these fields, not classified as light-seeded, were Mexi- 
can plum (Prunus mexicana Vats.), common persimmon (Diospyros virginiana 
) honeylocust (Gleditsia triacanthos L.), black cherry (Prwus serotina 
Ehrh.), shining sumac (%us copallina L.), and vaccinim (Vaccinim spp.). 
These woody plat species serve as wildlife food (Hall 1977) arid, in all 
likelihood-were on these fields through animal defecation. ~ield 18 
contained all of these woody plant species, while the other fields contain- 
ed several of these species. 



In conclusion, it is apparent that forest succession has been influenc- 
ed to a large degree by occurrence of a natural phenomenon, i.e., the pro- 
pensity of blue jays to cache acorns and, also, man's cultural activities. 
Jays were able to store acorns in a "seed bank" over a long time period due 
to annual mowing, which kept the fields in an arrested state of develop- 
ment. Mowing also allowed oak rootstocks to increase in size over time, 
permitting the formation of vigorous sprouts of high competitive ability. 
In all probability, these fields will regenerate to red oak dominated 
forests. 
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EFFECTS OF MORPHOLOGICAL GRADE ON FlELD PERFORMANCE OF 
CONTAINER-GROWN SOUTHERN PINE SEEDLINGS " 

James P. Barnett 

Abstract. Container-grown loblolly (Pinus taeda L.), slash (P. el- -- 
liot tii Engelm. ) , shor tleaf (P. echinata Mill. ) , and longleaf 

Mill. ) pine seedlings were graded into three distinct 
ical grades for field planting early in May and in Sep- 
83 to determine the effects of these grades on field sur- 

vival and growth. Field perfor ce, particularly growth, of the 
larger stock was generally best. The difference in response of the 
larger seedlings was greatest when conditions of stress were en- 
countered after field planting, and grade affected growth more than 
it affected survival. 

Wkeley (1954) established the 
value of grouping nursery-grown 
southern pine seedlings into morpho- 
logical grades. Field survival and 
growth were related to morphological 
properties* Considerable evidence 
has been developed about differences 
in the charac teris tics and perform- 
ance of bare-root and container 
seedlings (Goodwin 1976, Barnett and 
Brissette 1986, South and Barnett 
1986, Boyer 1989, Brissette and Bar- 
nett 1989). The reason for the dif- 
ferences in early establishment of 
bare-roo t and container stock re- 
lates to the condition of the root 
systems when the seedlings are field 
planted. Whereas a large portion of 
the root system of bare-root seedl- 
ings is lost during lifting from 
nursery beds, the root system of 
container seedlings remains intact 
during transplanting. Planting an 

"aper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, TN, Oct. 30-Nov. 
1, 1990, 

Chief Silviculturist , Southern 
Forest Exp. Sta., Pineville, LA. 

intact root system results in less 
transplanting shock and higher init- 
ial survival m d  growth, particular- 
ly when condi t ions following plant- 
ing are stressful* 

It has become obvious, with the 
differences in root systems due to 
seedling type, that the morphologic- 
al grades established for  bare-root 
stock are not applicable to contain- 
er stock (Barnett m d  Brissette 
1986). The relative importance of 
differences in seedling morphology 
of container stock has also been 
questioned. The objective of this 
study was to determine whether dif- 
ferent morphological grades of con- 
tainer-grown southern seedlings 
showed differences in field survival 
and growth. 

Loblolly (Pinus taeda L. ) ,  slash -- 
(P. elliottii Enqelm,), shortleaf 
(H. echinata  ill.), and longleaf 
(P. palus tris Mill. ) pine seedlings 
were graded into three morphological 
groups for field planting in May and 
September 1983. The three groups or 
grades of seedlings were obtained by 
selecting individuals from the range 



of variation present within total crop. All seedlings were of the same age 
(about 12 weeks from seed), were subject to the same cultural practices, 
and were grown in the same mediwn and type of container. 

The established specifications of the three seedling grades do not nec- 
essarily reflect the current belief as to what constitute optimum grades, 
but they do represent a range in characteristics of stock being produced 
when this study was conducted. Species and season of the year markedly af- 
fect the seedling development obtained. The grades used are shown in Table 
2 * 

Table 1. Grades of container-porn seedlings wed i n  the study. 

Grade Slash Eoblolly Short leaf Longleaf 

-----...----- ht/inches (m) ----------- Dime ter (m) 

Bare-root nursery seedlings were field planted in late March to provide 
a growth comparison with the May planting of container seedlings, but they 
were not included in the statistical comparisons. 

Todd's Planter Plats (3J3 by 12.7 cm) were used to produce the seedl- 
ings. A 1:1 mix of peat and vermiculite was the potting medium, and all 
stock was fertilized with Peterst 20-19-18 WK. Seeds collected from local 
lots were used in the study. Enough stratified loblolly and shortleaf pine 
seeds and unstratified slash and longleaf pine seeds were sown (about 12 
weeks prior to planting) with two seedlings that germinmts were available 
to transplant into cavities where seeds failed to germinate. The guide- 
lines developed by Pawk (1982) for transplanting germinmts were followed. 
Seedlings were grown without blocking because of space limitations and lack 
of enviromental variation in the greenhouse. 

Field plots were established on the Johnson Tract of the Palustris Ex- 
perimental Forest in Rapides Parish, Louisiana. The site is typical of 
clearcut forest land that was prepared by chopping following cutting. The 
area was also control burned in the winter prior to planting to minimize 
differences in competition caused by regrowth of competing vegetation. The 
topography is very gently rolling, af f ording adequate surface drainage. 

Plots for each species combination (two planting dates by three seedl- 
ing grades) consisted of six 6-seedling rows (36 seedlings) planted at a 
1.83- by 1.83-m spacing. The container seedlings were hand planted with a 
locally fabricated punch. Bare-root stock were planted with a dibble. A 
randomized block spli t-plot design consisted of four 36-seedling plots. 
Each 36-seedling plot was used in the field portion o f  the study. Major 



plots were by date of planting (May or September), and minor plots were by 
seedling grade. Separate analyses of variance were conducted for species, 
survival, and height determinations, 

Four 5-seedling replications per seedling grade were characterized at 
the time of planting by determining top height,  stem (groundline) diameter, 
and stem and shoot dry weight. Survival percentage was measured about 2 
months after planting, and survival and heights (to the tip of the bud) 
were measured in the fall and again in the fall of the succeeding year. 
Heights were measured to the nearest 3.0 em; groundline diameters were 
measured with a caliper to the nearest 2 3  m. 

Results h d  Discussiion 
Seedling Characteristics at Planting 

A sample of seedlings from each species-grade classification was used 
to characterize the stock at time of planting. Although seedling quality 
was comparable between May and September planting dates, there were some 
important differences (Table 2). The most obvious difference was in top 
weight. Seedaings produced for the September crop were heavier than those 
for the May crop--mainly because of heavier tops. This difference primar- 
ily reflects better growing conditions for the September crop. Grading 
seedlings by height (and diameter for longleaf pine) generally showed as- 
sociated differences in the other parameters as well. Root weight was less 
related to height thm any of the other variables measured. 

Field Performance 
Because the bare-root stock that was planted for comparative purposes 

was not grown from the same seed source, it was not included in any statis- 
tical analyses. However, it is apparent that the survival of container 
stock, regardless of grade, equaled that of bare-root stock (Table 3). As 
expected, because bare-root stock was 1 year older from seed, the size of 
container stock was smaller, except for shortleaf pine. 

The differences in time of planting of the container stock had a marked 
effect on seedling survival. Seedlings planted in mid-September were ob- 
viously under slight moisture stress; average survival for all species was 
98 percent and there were no differences among grades. Survival of seedl- 
ings planted in mid-May was considerably lower, averaging 76, 82, and 71 
percent for longleaf, loblolly, and slash pine, respectively. 

Morphological grade had no statis tically significant ef feet on field 
survival, but trends did occur with longleaf and slash pine (Table 3). In 
these two species, seedlings categorized as grade 3 survived less well, 
with average survival more than 10 percent lower than for the average of 
grades 1 arad 2 ,  

Generally, seedling size was affected by morphological size for both 
planting dates. Grade 3 seedlings of longleaf pine had smaller root-collar 
diameters than either grade 1 or grade 2 stock when planted in May (Table 
3). In the later field planting, only grade 3 stock differed from grade 1 
stock. In loblolly and slash pine seedlings, heights of grade 2 and 3 



Table 2. cteristics of s d f i q s  by species and grade at the time 
of field plmting. 

September planting 
Species Grade Rt. Dia. Weight 

root top root 

Slash 1 
2 
3 

Loblolly 1 
2 
3 

Shortleaf 1 
2 

In this species, no early epicotyl growth occurs. 

Shortleaf pine seedlings were not produced for the May field 
planting, 

seedlings were less than grade 1 seedlings. In the September planting, 
grade affected size in the field for longleaf, slash, and shortleaf pine, 
but not for loblolly pine. Generally, grade 1 seedling size was larger 
than grade 2 and 3 size. 

The different seedling grades used in this study did affect field per- 
formance, particularly growth; larger stock generally performed best. The 
difference in response of the better grades (larger seedlings) was greatest 
when conditions of stress were encountered after field planting. There- 
fore, there are distinct advantages in developing morphological standards 
for container stock, but field growth seems more closely related to seed- 
ling grade than does survival. Incremental growth is another meaningful 
parameter to use in evaluating performance; however, size of newly planted 
seedlings was not measured. Therefore, covariate analysis based on incre- 
mental growth was not feasible. It is important to realize that the grades 



used in this study are not necessarily the ones that should be recommended 
for typical reforestation sites. Additional studies will be needed to de- 
velop the seedling morphology-field perfor ce relationships necessary to 
establish general morphological grades. 

Table 3. Field ival and seedling size data ed in Feb 
1984 (I+ years after phtinp;), 

Stock 
type 

May planting 
Survival Size1 Survival Size Species 

percent - percent - 

Longleaf Bare root 
Container 1 
Container 2 
Container 3 

Loblolly Bare root 
Container 1 
Container 2 
Container 3 

Slash Bare root 
Container 1 
Container 2 
Container 3 

Short leaf Bare root 
Container 1 
Container 2 
Container 3 

I Size measurements are expressed in cm for longleaf pine root-collar 
diameters and in ft for loblolly, slash, and shortleaf height. 
Treatment means within species grades followed by different let- 
ters are significantly different at the 0.05 level. 

2 No shortleaf pine container stock was produced for the first field 
planting . 
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EFFECTS OF PMNT GROWTH REGULATORS ON LOBLBLLY PINE SEEDLlNG 
DEVELOPMENT AND FIELD PERFORMANCE ' 

John I* Blake and David B e  South 

Abstract. Four plant growth relylators (ancynridol, benzyladenine, 
ethrel, and Slurprimidol) were compared with two top pruning treat- 
ments at a nursery near Byron, Georgia. Chemical applications ap- 
plied in August were generally more effective in reducing growth 
than were September applications. Among the growth regulators 
tested , only benzyladenine applied in August appeared to reduced 
height growth. A single top pruning in early August substantially 
increased average height growth to the point where average seedling 
heights in December were not reduced. The treatments were lifted 
in January md deep-plmted in mid-March on an old-field near Au- 

first-year survival was gxcellent (> 92 percent) 
despite the dry spring. None of the treatments were significantly 
different from the control in terms of survival or height growth in 
the field. 

Under favorable growing con- 
di tions, loblolly pine- (pinus -- taeda 
L.) seedlings in bare-root nurseries 
often initiate a rapid phase of 
height growth during August which 
usually terminates in late September 
as photoperiod decreases. Control- 
ling this phase of height growth can 
be an importmt factor in culturing 
seedlings for planting on refores ta- 
tion sites in the southern region. 
Tall loblolly pine seedlings (> 25 
cm) are often considered mdesirable 
for tree planting (Tuttle et ale, 
1987, 1988). Not only do tall seed- 
lings impede hand planting opera- 
tions, but they may also suffer more 
from exposure to desiccating envi- 
ronments and drought (Dierauf 1976; 
Carlson and Miller P988), 

Current methods for reducing 
seedling heights include top pruning 
(Dierauf 1976), root pruning (Tmaka 
e t ale , 1976; Miller et ale , 19851, 
and withholding irrigation (Strmsky 
and Wilson 1964; Hennessey m d  Doug- 
herty 1984). To be effective, top 
pruning requires removal of a sig- 
nificant portion of existing shoot 
followed by several repeated cut- 
tings to prevent new shoot Ini ti- 
ation from axial buds from exceeding 
the original growth* Root prming 
or wrenching during July and August 
has obtained widespread acceptance, 
but it appears to be more essily ap- 
plied in sandy soils. Although in- 
ducing moisture s tress by withhold- 
ing irrigation can be effective, it 
is not always feasible due to high 
rainfall pat terns in the southern 
coastal region. 

Plant growth regulators are 
"aper presented at Sixth Biennial widely used in ornamental plat 
Southern Silvicultural Research Con- product ion to control development of 
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and for creating other characteristics which are desireable for handling 
and shipping. Such compounds have been tested on conifers for controlling 
growth in ornamental landscapes (Backhaus et al., 1976), seed orchards 
(Hare 1982, 19841, nursery seedlings (Plank 1939; Maki et al., 1946; Weston 
et al., 1980; Wheeler 1987), and christmas trees (Little 1984). Many of 
these chemicals have been reported to reduce growth, but with resulting 
detrimental effects ei ther in terms of appearance or subsequent growth 
(Ross et al., 1983). Additionally, chemicals like paclobutrazol (Wheeler 
1987), while they are highly effective in controuing heights, are very 
persistent in the soil. This characteristic limits their usefulness in 
bare-root nurseries. The objective of the study was to determine if se- 
lected growth realator treatments could reduce late s r height growth 
in loblolly pine seed , and would these treatmen dversely affect 
subsequent field perf o 

Methods 

The experiment was installed on July 28, 1987, using unimproved lob- 
lolly pine at the Georgia Forestry Commission Nursery near Byron, Georgia. 
The study was laid out as a randomized complete block design with four 
blacks. Treatments included four chemicals (Table 1) which were applied at 
one of two application times (early August or early September). Plots were 
1-m long by 1,4-m wide with a 0.5-m buffer strip between plots. Within 
each plot, 18 were selected for repeated height measurements. Three seed- 
lings from each of the center six drill rows nearest a line placed across 
the plot were tagged with numbered, water-proof tape. Initial heights were 
measured on these seedlings at the time of treatment and every month there- 
after until December. 

Table 1. a m i d  treat rates (two applications made to 
each plot to equal the tot t applied) 

Common name Concentration1 Rate/application Total applied 
(Trade name) low high low high low high 

Flurprimidol 065 1.0 0.115 0.23 0.46 g 1.84 g 
(Cutlass TOW) 

Ethrel 1000.0 2000.0 230.0 460.0 11.5 1 23.0 1 
(Florel 4%) 

Benzyladenine 500.01000.0 115.0 230.0 12.5 1 23.0 1 
(Pro-Shear 2%) 

'Each solution contained 0.05 percent Armox C-12 wetting agent. 



Each chemical treatment within a monthly period was applied twice in 
two separate broadcast spray applicaions, 7 to 9 days apart. The early 
Augvst applications were made on July 28th arnd August 8th. The September 
applications were made on the 4th and Ilth, The solution was applied 
through 3-EP8803 flat f m  nozzles at a pressure of 1330 U a  and a volme of 
230 L/ha. Seedlings within the tog pruning treatment .were clipped to a un- 
iform height of 15 cm in late July for the A u ~ s t  treatment, and 20 cm in 
early September for the September treatment* Agproximtely 70 percent of 
the seedli~ags in the top-pruning treatment were clipped in late-July, and 
40 percent during the early September top prwing* 

The ancpidol, benzyladenine, top prwing a d  the control treatments 
were lifted for outplanting a d  size measurements on J m u a ~  6, 1988. The 
diameter, shoat and root dry weights were nreasured ~n the tagged seedlings. 
Another 25 seedlings per plot were placed in plastic bags and stored at 
temperatures ranging from 3-5'C until mid-March. %ke planting site was 
situated 10 km north of Auburn, Alabama, on an abandoned agricultural field 
dominated by broomsedge ( spp,). The surface soil texture is a 
ciay. loam. The seedlings were deep-planted (the root-collar was placed ap- 
proximately 9 cm keBw ground level) with shovels. Survival and height 
growth of each treatmt was evaluated in November 1988 and again in April 
1990. The data was subject to an analysis of varimce a d ,  when appropri- 
ate, mems were compared using Duncan" sew multiple range test (Steel and 
Torrie 29&0)* 

Total heights at the end of the season were similar msng all treat- 
ments (Table 2 ) .  The extreme variability i n  seedling development both 
within  plots and between block likely obscured treatment effects. Dif- 
ferences in height growth were easier to detect thm differences among 
final heights. 

Of the treatments applied in Augu,st, only the high rate of benzyladen- 
ine si~ificmtly reduced height growth during A u ~ s t  (Table 2). None of 
the treatments reduced growth during September when compared with the con- 
trol. Wowever, when applied in. August, the top pruraing, surcymidol, and 
ethrel treatments resulted in increased growth during September, Chemicals 
applied in early September were generally ineffective in reducing subse- 
quent height growth, The single top prblning applied in August increased 
average height growth during September. In contrast, seedfings top pruned 
in early September did not grow more than the controls. In general, height 
growth for all treatments was largely completed by the end of September. 

No significant treatment effects were associated with either shoot 
length (Table 2) or dimeter flabhe 3 ) -  However, the height/dimeter ratio 
was reduced by the A i k r p s t  applications of bgnzyladenine. Similarly, root 
and shoot dry weights were unaffected by any of the treatments compared 
with the control (Table 3). None o f  the treatments improved the shootlroot 
ratio* 



Table 2. k i @ t  growth duri 
f i d  hei&t i n  Decaber for t lings of each treat 

Product Weight growth December 
Treatment rate Date Augus t September height 

ha month 

Control 
Top prwne ---- 
Top prune ---- 
hcpidol 87.4 1 
hcymidol 87.4 1 
hcyrnidol 174.8 1 
hcpidol 174.8 1 
Benzyladenine 11*5 1 
Benzyladenine 11.5 1 
Benzyladenine 23.6 1 
Benzyladenine 23.0 1 
Etherl 11*5 3. 
Ether1 11.5 1 
Ether1 23.0 1 
E therl 23.0 1 
Flurprimidol 0.92 g 
Flurprimidol 0.92 g 
Flurprimidol 1.84 g 
Flurprimidol 1.84 g 

August 
September 
Auws t 
September 
Augus t 
Sep tember 
A w s  t 
September 
August 
September 
Aups t 
September 
Aufirvs t 
September 
August 
September 
August 
September 

12.7 def 214 
48.8 a 219 
12.0 ef 209 
19.5 bcde 231 
16.3 cdef 229 
26.3 bc 241 
19.5 bcd 222 
15.6cdef 211 
21.5 bcde 211 
0.7 f 191 
15.7cdef 213 
25.4 bcd 222 
17.8 cdef 223 
30.7 b 208 
21.1 bcde 213 
14.1 cdef 225 
18.0 bcdef 217 
21.8bcde 224 
23.9 bcde 229 

'No significant treatment effects were found for height in De- 
cember (F-test = 0.5840). Means followed by the same let ter 
are not sipificantly different at the 5 percent level of 
probability (as determined by Duncan's new multiple range 
test). 

Survival among treatments (Table 4 )  was very high despite the 10-week 
storage period and the lack of rainfall for several weeks following plant- 
ing The high survival was due in part to planting the seedlings 8.8 cm 
deeper than the level at which they were grown in the nursery. Height 
growth among treatments in the field was very similar. We observed no vis- 
ible evidence that the abnormal shoot growth effects (multiple buds and 
shorter needles) from benzyladenine persisted after planting when seedling 
evaluations were made in the fall of 1988. 



Table 3. Averwe di ter ratis, s b t  wei@t, rwt 
weight, and shootlroo seedlings lifted on 6 Jm 
19881- 

Height Dry weight Shoot 
Treatment Rate Timef Dimeter diameter shoot root root 

Control 
Top prune 
Top prljune 
Ancymidol 
hcymidol 
hcymidol 
hcpidol 
Benzyladenine 
Benzyladenine 
Benzyladenine 
Benzyladenine 

Lfha month -- 

August 
September 
August 
September 
Augus t 
September 
August 
September 
Augus t 
September 

Significant (p < 0.05) orthogonal contrasts within treatments between 
application times are indicated (*). Rate effects within application 
times were not compared. No significant treatment effects were found 
for diameter (F-test = 0.1987), shoot weight (F-test = 0.g681), or 
root weight (F-tests = 0.1925). 

Discussion 

The results from the single top pruning are consistent with previous 
research on this practice (Dierauf 1976; Dierauf and Olinger 1982; Barnett 
1984; Mexal and Fisher 1984; Duryea 1990). A single, early top pruning 
tends to stimulate height growth in the nursery. As a result, removal of a 
significant portion of the shoot and repeated prunings are needed to reduce 
total height. A loss in growth from the taller seedlings that were pruned 
resulted in a more uniform crop. When conditions for survival are less 
than optimum, there appears to be a net benefit in terms of field survival 
(Dierauf 1976; Dierauf and Olinger 1982). 

It appears that certain chemical growth regulators may be effective in 
controlling height growth in southern pine nurseries. In this preliminary 
study, benzyladenine was effective in reducing height growth when applied 
in August. We observed no detrimental effects on subsequent seedling per- 
formance from the 11.5 L/ha rate. However, at higher rates, benzyladenine 
can produce undesirable effects, such as abnormal bud development, inkibi- 
tion of secondary needle extension, delayed bud break, and reduced root de- 
velopment (data not shown). Consequently, the rate and timing of applica- 
tion must be carefully controlled in order to achieved a net beneficial 
effect. Low to moderate rates of benzyladenine (up to 11.5 L/ha) applied 



after secondary needle elongation is nearly complete is wortlay of further 
study. It my also be desirable to combine this treatment with top 
pruning* 

Table 4 .  Initial p o s t - p h t i n g  heights ,  hei&t mawtlh, and 
i v d  for sdl iws that were pbted in mid 

i v d  were evaltltited i n  April 1990. 

Treatment Rate Timef Initial Height Survival 
height growth 

Control 
Top prune ---- 
Top prune ---- 
Ancymidol 87.4 
hcymidol ~ 7 . 4  
hcpidol 174.8 
hcymidol 174.8 
Benzyladenine 11.5 
Benzyladenine 11.5 
Benzyladenine 23.0 
Benzyladenine 23.0 

month ------ em ----.-.- 

August 
September 
August 
September 
Auas t 
September 
August 
September 
August 
September 

Significant (p < 0.05) orthogonal contrasts within treat- 
ments between application times are indicated (*). Rate 
effects within application times were not compared. No 
sipificant treatment effects were found for initial 
height (F-test = 0.0788), growth (F-test = 0.6545), or 
survival (F-tes t = 0.6873). 

Appreciation to Hans Williams, Robert Childree, and Nancy Stumpff for 
assistance in the installation and measurement of individual experiments; 
and to Dr. Robert Hare for helpful sul~gestions. 
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NITROGEN FERTILIZATION AFFECTS THE PARTITlONING 
OF  DRY MATTER GROWTH BETWEEN SHOOTS AND ROOTS 

OF  LOBLOLLY PINE NURSERY STOCK " 

John C *  Brissette and Allan E. Tiarks 

Abstract., Normal. nursery culture includes fertilizing with nitrogen 
(M) to promote seedling growth and development, Previous research 
suggested that supplying N in several applications at an increasing 
rate results in seedlings with a smaller average shoot-to-root ra- 
tio than the conventional method of equal-rate applications. This 
study tested the hypothesis that the increasing-rate technique par- 
titions more growth to the roots than does the constant-rate meth- 
od. Allometry was used to study partitioning of dry matter growth 
between the shoots and roots. The results did not support the hy- 
pothesis; the method of N application did not affect partitioning, 
However, the growth of the shoots and roots was altered by the to- 
tal mount of N applied* As total N increased from 0 to 120 kg 
N/ha, there were linear increases in both shoot and root dry weight 
at lifting, with the effect being greatest on the shoots. 

Nursery soil fertility is an im- 
portant factor affecting seedling 
morphology, physiology, and field 
performance. Of the nutrients ap- 
plied in fertilizers, nitrogen (N) 
is particularly important because of 
its role in protein and chlorophyll 
synthesis, and thus, in seedling 
growth and development. Plants can 
take up N in two ionic forms, ni- 
trate (NO3-) and ammonium (NH,'), 
both of which are available in 
soils. However, N availability de- 
pends on the decomposition of or- 
ganic matter, which is greatly 

affected by soil yisture and temp- 
erature. The NH, ion is the pri- 
mary ion released by soil organisms, 
The negatively charged+clays in soil 
retard leaching of NH, until it is 
taken up by plant roots, used by 
soil microbes, or converted to NO - 
by bacteria. The NO,- form can 6e 
used by plants but moves with soil 
water and readily leaches from the 
root zone. 

Because the soil environment af- 
fects nutrient mobility a d  avail- 
ability, N must be resupplied £re- 
quen tly during the rapid-growth 
phase in the nursery if high-quality 

"aper presented 
Southern Silvicult 

seedlings are to be produced, The N 
for postgermination applications is 

at Sixth Biennial usually supplied in topdressings 
ural Research Con- with fertilizers in a granular or 

ference, Memphis, TN, Oct. 30-Nov. prilled form. The totalamount of N 
1, 1990. applied to nursery seedlings and the 

number of applications required to 
Silviculturist and Soil Scientist, supply that total depend on a number 

Southern Forest Exp* Sta., Pine- of factors, including physical and 
ville, $8. chemical soil properties, the 



species being grom and its target specifications, the seedbed density, m d  
the fertilizer formulation used. mile general guidelines are available 
for the southern pines (May 1985), specific recornendations must be made on 
a nursery basis and, in some nurseries, on a compartment basis* 

Increasing the total amout of applied N increases the dry matter of 
both shoots and roots.. Typically, shoot dry weight increases more than 
root dry weight, so that as total applied N increases so does the shoot- 
to-root ratio of southern pine seedlings (Fowells and Krauss 1959, McGee 
1963, Swi tzer m d  Nelson 1963). However, that general trend does not al- 
ways apply, In research with shortleaf pine (Pinus echinata Mill.), there 
was a significant linear increase in root volume as N increased from 55 to 
170 kglha, but the highest N rate produced shorter, larger diameter seedl- 
ings than did the lower rates (Brissette and Carlson 1987). 

A recent imovation in topdressing with N is applying the fertilizer at 
an increasing rate as the seedlings grow, rather than making several equal 
applications. Timer and Armstrong (1987) showed that the morphology of 
container red pine ( P I  resinosa Ait. ) could be altered to obtain a better 
balance between shook and roots if N is applied in increasing increments 
rather than in equal increments* They applied N at exponentially increas- 
ing rates so that the m o m t  of N supplied increased as the seedlings grew. 
Brissette et al. (1989) tried this technique with bare-root shortleaf pine 
and found that the method of applying 90 kg Nfha interacted with family 
when three half-sib fmilies were tested* One family showed few morpho- 
logical effects resulting from the method of N application, but it did have 
greater root growth potential (RGP) under the increasing-rate regime. The 
application method affected the root morphology of the other two families, 
but only one showed increased RGP from the increasing-rate treatment. 

The distribution of dry matter between shoot and roots is often expres- 
sed as the shoot-to-root ratio. Ledig and Perry (1966) pointed out that 
the shoot-to-root ratio changes as plants grow and is a poor criterion for 
comparing plants of different sizes. However, they did show that an ap- 
propriate comparison can be made using the allometric equation described by 
Huxley (1932). Allometry is the study of relative growth. During much of 
the growing season, shoot and root growth of seedlings is logarithmic, and 
the ratio of the relative growth rates is a constant. That constant is ap- 
proximated by the simple linear regression coefficient of the logarithmic 
relationship between some measure of these two organs. This relationship 
in relative growth rates is not strictly linear, especially during germin- 
ation and late in the growing season, when shoot growth slows before root 
growth does* Wowever, treatment effects on relative growth rates can be 
examined by studying changes in the allometric equation. For example, 
given a number of measurements over a growing season, the relationship be- 
tween shoot or root dry weight and total plant dry weight can be shorn by 
the allometric equation: 

In (shoot or  root dry weight) = a + k x In (total dry weight) (11 

Thus, if different treatments are applied during the growing season, the 
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Other practices, such as root pruning, were done by nursery personnel 
and the seedliws were not top pruned. Seedliw growth and development 
were followed during the growing season. Just before the first fertilizer 
application on May 24, a total of 204 seedlings were lifted from randomly 
selected locations in the study area for shoot and root dry weight measure- 
ments. Throughout the rest of the growing season, each plot was sampled by 
carefully hand-digging seedlings for dry weight measurements. Samples were 
tatken on June 6, June 20, July 6, July 19, Aumst 15, September 12, October 
12, November 14, and when the study was lifted on January 9. When the 
seedlings were small they were uniform in size, and 10 seedlings per plot 
were carefully hand-dug for sampling, By mid-July more variation in seed- 
ling size becme apparent, and the sample size was increased to 20. When 
the seedlings were lifted, 25 seedlings from each plot were sampled. For 
each measurement date, the ovendry weight of the entire shoot or root samp- 
le was determined, and the mean shoot and root dry weights per plot were 
calculated. During this smpling, the goal was to obtain, undamaged, the 
roots within the zone that would be lifted under operational conditions. 
Thus, no attempt was made to lift all the roots for each sampled seedling. 

Differences in mean plot seedbed density were compared using analysis 
of variance. Treatment effects on rnean shoot and root dry weights were 
maPyaed by regression with the method of N application as an indicator 
variable. The regression models included rate of total N applied, method 
of application, and the rate by method interaction as independent vari- 
ables. A simificance level of p = 0e05 was used to eliminate independent 
vasiables from regression models and, if additional analyses were contem- 
plated, to decide whether such analyses were warranted. For allometric re- 
gressions, the plot mean shoot and root dry weights were transformed to 
their natural logarithms. Values from all nine sampling dates were used in 
the allometric regressions. 

Results h d  Discussion 

Blot rnean seedbed density was uniform across the studyp averaging 257 
seedlings per square meter with a coefficient of variation (CV) of 9.23 
percent, Differences in mean plot density were not statistically signifi- 
cmt (p = 0.9). 

Treatment Effects on Seedling Dry Weight at Lifting 
The method of applying N had no effect on the dry weight of either the 

shoots or the roots at the time of lifting (Fig. 1). For shoots, neither 
the interaction between rate of total N applied and method (p = 0.9) nor 
method alone (p = 0.8) affected the final dry weight. Hovever, shoot dry 
weight did increase linearly with rate of M application (p = 0.0001): 

ODWshoot 
= 4521 + 11.6871 (rate of Pa) 

The mount of N applied accounted for 38.4 percent of the variation in mean 
shoat dry weight at time of lifting, As with the shoots, neither the N 
rate by method interaction (p = 0.9) nor t he  method (p = 0.9) affected the 
f i n a l  dry  weight of the roots. The rate of M applied did inEluence root 
dry weight at lifting (p = 0.0007), and that relationship was also linear: 



ODWr 0 0 t = 820 + 1.5146 (rate of M) k 3 1 

For mean root dry weight, total N explained 26.4 percent of the variation, 

Although both shoot and root 
dry weight at lifting increased as 
more M was applied, the effect was 

dCC----- 

-,--- not pronounced (Fig. 1). For each 
s*m*M . . - w ~ ~ @ * - - 4  

additional 30 kg Nlha applied, mean 
shoot dry weight increased 351 5 72 
mg, a 6.2 to 9.4 percent increase, 
Consequently, the shoots of seed- 
lings that received 120 kg N/ha 
averaged 31 percent heavier at 
lifting than the seedlings that got 

0 , . . 1 . - 1 . .  

0 30 60 90 

Total N (kg/Ra) 

Tissue, Method ------ Shoot, Con ---- Shoot, Inc - Root, Con ---- Root, Inc 

Figure 1. Effect of total 
N applied and dether i t  was ap- 
plied at a corntat (Gsn) rate or 
at an incraing (Inc) rate OR 

shoot a d  root ovendry weights of 
loblolly pine seedllnyys at l i f  tinge 

no additional N. Mean root dry 
120 weight at lifting increased 45 4 12 

mg (or 4.0-7.0 percent) with each 
additional 30 kg N/ha applied. 
Thus, the roots of the most-ferti- 
lized seedlings averaged 23 percent 
heavier than those of seedlings 
with no additional N. Switzer and 
Nelson (1963) found a similar in- 
crease when they compared loblolly 
pine seedlings growing at a mean 
density of 322/m2 and fertilized at 
either 84 or 168 kg Nlha. 

The seedlings that received no additional N in this study were a some- 
what paler green than the fertilized seedlings, but they showed no other 
symptoms of N deficiency, such as short, stiff needles (May 1985). There- 
fore, there was probably enough N in the soil at the beginning of the grow- 
ing season for seedling growth and development. During seedbed prepara- 
tion, about 11 kg N/ha was applied to the nursery soil (Gramling 1989). 
Moreover, longleaf pine (P. palustris Mill. ) was grown in the nursery beds 
the previous year, and at- she Nursery longleaf pine typically gets more N 
fertilizer than loblolly pine. The year before this study, the area was 
fertilized with 336 kg/ha W,NO 112 kg/ha dimonium phosphate (18 per- 
cent N), ipd 56 kg/ha of slow-relkase N fertilizer (38 percent N) (Gramling 
1988), a total of about 155 kg N/ha. Carryover N from the longleaf pine 
crop, plus the preplant application before the study, must have provided 
enough N to meet at least the minimum requirements of the seedlings in the 
unfertilized plots. 

Treatment Effects on Seedling Growth in The Nursery 
When compared throughout the growing season in the nursery, neither the 

M rate by method interaction nor method alone affected the shoot dry weight 
(Table 11, In early June, both the rate by method interaction and method 
influenced root dry weight, but these factors had no further effect 
throughout the rest of the growing season* 



Table I. S i p i f 5  ce levels for the effects of rate and w t h d  of MI 
a p p l i m t i a ~  an shoot and root dry weight- 

Sample Shoot dry weight Root dry weight 
date Rate Method Rate x meth Rate Method Rate x meth 

------------- Probability of a larger F value -------------- 

Jun 6 0.823 
Jun 20 0.453 
Jul 6 01339 
J u l  19 0.193 
Aug15 0.003 
Sep 12 <OeOO1 
O e t 1 1  0.102 
NovIst 0.004 
Jan 9 0.001 

There are several possible reasons why the increasing-rate method did 
not increase root dry weight more than the constant-rate method in this 
study. The level of N in the soil at the start of the experiment may have 
eliminated the positive effects measured in other studies comparing the two 
methods (Timer and Armstrong 1987; Brissette et al., 1989). Also, the N 
was applied over a relatively short time, when the seedlings were between 
the ages of 5 and 13 weeks, and the seedlings then grew for an additional 7 
months before lifting. In the container study by Timer and Armstrong 
(29871, fertilization was between 4 and 16 weeks after germination, and 
then the seedlings were harvested. 

Beginning in August for shoots and in September for roots, dry weights 
did increase with greater total N applied (Table 1). Because the dry 
weight of both shoots and roots increased linearly with the N applied, the 
effect of N on growth in the nursery can be demonstrated by comparing the 
two extreme treatments. In terms of mean shoot dry weight, the two treat- 
ments began separating in mid-July (Fig* 2a9, but root dry weights were 
similar until mid-September (Fig. 2b). Generally, the fertilized seedlings 
continued to grow faster throughout the rest of the growing season (Fig. 
2a, b). Comparing Figure 2a with Figure 2b also shows that in both treat- 
ments the rate of root growth was greatest after the rate of shoot growth 
begm to decline (about mid-September). Between mid- September and early 
Jmuary, mean shoot dry weight increased 59 percent, and mean root dry 
weight increased 172 percent. 

For mfertilized loblolly pine seedlings growing in central Louisiana, 
Huberman (1940) reported that shoot dry weight increased 22 percent between 
early October md January, while root dry weight increased 116 percent dur- 
ing the s m e  period* At a nursery in Virginia using modern cultural prac- 
tices, shoot duy weight of loblolly pine seedlings increased 45 percent be- 
tween October and March, while root dry weight increased 189 percent 
(Garner and Dierauf 1976). 
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Date 

Rate (kg N/ha) - O ---- 1 20 

e 2a. Effect of the rate of 
N applied on shoot dry weight 

on several t dates. Per- 
tilizatisn dates indicated by F. 
Vertical bars are 1 standard 
error. 

Date 

Rote (kg N/ha) - 0 ---- 1 20 

Figure 2b. Effect of the rate of 
total N applied on rmt dry weight 
on several t dates. Per- 
tilization dates indieted by P. 
Vertical bars are 2 2. standard 
error. 

Although in this study the rate of root growth increased while that of 
shoot growth decreased starting in September, the shoot-to-root ratio de- 
clined steadily after peaking in early July (Fig. 3). In the study by Hu- 
berman (1940), the shoot-to-root ratio peaked in early September. Figure 3 
also shows that the fertilized seedlings had a consistently higher mean 
shoot- to-root ratio throughout most of the growing season than the unfer- 
tilized seedlings. Similar results have been reported for loblolly and 
Virginia pines (P. virginiana Mill.) (Fowells and Krauss 1959), and for 
slash pine (P. eliiottii Engelm.) (McGee 1963). When relative growth rates 
between May 14 and January 9 were compared by allometry, the rate of N ap- 
plied had no effect on the shoots but did affect the roots somewhat (Fig. 
4). For partitioning to shoot dry weight, the logarithm of the total seed- 
ling dry weight was highly significant (p = 0.0001), but rate had little 
impact (p = 0.12): 

This model explains 99.95 percent of the variation in the logarithm of 
shoot dry weight. Like the shoots, partitioning to the roots was strongly 
related to the logarithm of the total seedling dry weight (p = 0.0001), but 
it was also slightly related to the rate of N applied (p = 0*07): 

This model explains 96.5 percent of the variation in the logarithm of root 
dry weight. Although only marginally significant, the relationship between 
root dry weight and the rate of N applied was negative. This result agrees 
with the reported trend of relatively less total dry matter partitioned to 
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the roots of southern pine nursery stock as the rate of N increases (Fow- 
ells and Krauss 1959, McGee 1963, Switzer and Nelson 1963)* 

The regression coefficient for the relationship between the logarithms 
of shoot dry weight and total seedling dry weight had a stmdard error (SE) 
of 2 0.0012. The SE for the regression coefficient for the similar rela- 
ti0~3ship for root dry weight was 0.0102. Therefore, the two regression 
coefficients were essentially equal (i.e., they had parallel slopes). Con- 
sequently, the meim relative growth rates--in percentage o f  dry weight 
growth per day--of the shoots m d  roots were similar. Although the rela- 
tive growth rates of the shoots and roots were the same, the shoots were 
heavier throughout the study, so their absolute growth rate was greater 
than that of the roots. The slightly negative effect of rate of N on root 
relative growth rate in this study suggests t h a t  with more N applied, dry 
weight partitioning to the roots was reduced throughout the growing seasan. 

It is possible that the f e r t i l i z e d  seedlings produced more of their 
root dry matter outside the lifting zone than the unfertilized seedlings. 
Although the sampling method did not retain m y  roots outside the lifting 
zone, such roots would not be lifted mder operational conditions either. 
Although an extensive root system would be beneficial i n  the nursery, only 
the root system within the lifting zone affects field performance. 

The resukts of this phase of the study do not yield m y  clear recommen- 
dations for nursery f e r t i l i z a t i o n  with N, A smple sf seedlings from each 
plot was outplated on a reforestation site in central touisima. Survival 
and growth data, in addition to these nursery results, will provide a basis 
for recommending fertilization of loblolly pine seedlings at Ashe Nursery. 
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use readily available commercial organic growth-enhancement compounds. 
These cdmpounds contain organic materials that can improve seedling growth 
(Flaig 1972, Schnitzer and Khan 1972). 

The use of comercially available organic fertilizers in large forest 
tree nurseries has not been explored. This study examines growth responses 
of loblolly pine (Pinus -- taeda L.) seedlings in forest tree nursesy beds 
treated with four different comercial organic growth-enhancement com- 
pounds. The objectives are to compare: (1) growth-of organically treated 
with untreated (control) seedlings in the nurseq; and (2) the effects of 
two nursery soil textures (sandy soil and clay-loam soil) on seedling res- 
ponse with organic compound applications. A third objective is to deter- 
mine the first year survival and growth sf outplanted organically treated 
and untreated (control) seedlings. 

Materials And Methods 

Organic growth compounds were applied during two separate years to lob- 
lolly pine crops in a forest tree nursery. An operational study trial 
(White 1984) was conducted at the South Carolina State Forestry Commission 
Piedmont nursery near Salem, South Carolina, the first year. The second 
year, identical experiments were established at two State Forestry Comis- 
sion nurseries (Piedmont and Taylor) to compare soil influences on treat- 
ment responses. The Taylor nursery is located in the sandhills region of 
the state and has sandy soil, which differs from the heavier clay soil at 
the Piedmont nursery, 

First Study Trial 
An area in the Piedmont nursery having six 100-m-long nursery beds was 

selected for the study. All beds were 1.2-m wide and adjacent to one an- 
other. A 70-m-long bed length (plot) was established in each of the six 
beds. Each plot was marked with stakes. Three plots were assigned to re- 
ceive treatment with the organic compound Roots-160 while the other three 
plots served as untreated controls (THble 1). At the other end of the nur- 
sery beds, four 6-m-long plots were established separately in adjacent beds 
to test three other organic compounds (Table 1). These 6-m plots were 
marked with stakes and randomly assigned to be treated with Algrow, Humus 
WP 80, Humus 12 percent L, or to serve as an untreated control. 

All treatment compounds were mixed with water and applied as an aqueous 
spray to drench the seedlings. Treatment applications were made during the 
middle of each month from June through October using manufacturer recom- 
mended concentrations (Table 1). Monthly treatments were applied on the 6- 
m plots using a backpack Solo sprayer, while the larger 70-m-long plot 
treatments were applied using a tractor-operated sprayer at the nursery. 
All treated plots also received routine cultural treatments normally used 
throughout the nursery during crop growth. 

During each monthly treatment application, a subsample of 12 seedlings 
was removed from each treatment plot and brought to the laboratory for 



fc smpl~afds and ed~ne~tratiow appPieaJ1 wch =nth on 
1obloLI-y pine nusew s d l i ~ s  I 

Treatment compound Concentration 

Wmus WP 80 14.6 g120 m"(13.0 lblac) 
Humus 12 percent L 9 * 4  ml/18 mZ (1.0 gallac) 
Algrow 5.0 g120 m2 (4.5 lblac) 
Roots 160 48.7 m l B f O  mZ (4.4 gallac) 

Control --------- 

measurement. Seedling height, root collar diweter, and root, shoot, and 
total. dry weight were measured to follow the progress of seasonal growth 
through bvember. men the seedlings were Lifted for field-planting in Jan- 
uary, another sample of 30 seedlings was t&en from each plot to test for 
nursery treatment differences. 

About 1000 seedlings from each treatment were lifted in Jgnuary for 
field outplanting tests. After lifting, the seedlings were packaged in 
Kraft paper bags labeled by plot awd treatment. All bags were transported 
to a cooler for storage (ZD@) the day after lifting, All seedlings were 
outplated within a 2-week period. 

The planting site was a typical Piedmont uplad shortleaf pine stand 
that had been recently elearcut and the slash burned. A randomized com- 
plete block design having nine blocks was used for the outplanting. All 
five nursery seedling treatments were rmdomly assigrned row locations with- 
in each block. Seedlings in each treatment were hand-planted with a dibble 
03-m apart in a row, with 0.6 rn between each of the five rows within a 
block* Neight m d  dimeter of each seedling was recorded 2 weeks after 
planting* Survival a d  final height and dimeter were recorded in December, 
after completion of the first season of growth. 

Minim1 seedling 
tests prompted a. new 

growth responses in the nursery during first trial 
experimental desi- for the second trial* An ad- 

ditional nursery with sandy soil was included in the study to enhance per- 
colation .of organic mendments i n t o  the  soil for root adsorption. Conse- 
quently, the South Carolina State Foreswry Gornissionfs Taylor nursery, 
located near Edgefield, SC, in the sandhills region of the state, was in- 
cluded in the study in addi t ion to the Piedmont nursery. PJwnber of beds 
and plots used at each nursery were increased to better quantify variation 
between m d  within nurseries and mong treatments. 

The same srgmic mendments and concentrations used in the first trial 
were applied again at both the Piedmont nursery a d  the Taylor nursery (Ta- 
ble I). Study designs m d  methods were alike at both nurseries* Eight 
widely distributed beds within each n u r s e v  were selected for the study. 



Within each bed, 30-m bed lengths were marked with st&es and designated as 
blocks. Each block was divided further into five 6-m-long pasts. Plots 
within each block were randomly assitr~ned to receive one sf the four organic 
growth-en9nmcement compounds, or to be an untreated control, Each compound 
was applied at manufacturer recommended concentration as an aqueous spray, 
drenching the seedl ings. Treatments were applied mid-math f rom June 
through NOvember using a backpack Solo sprayer. All treated plots at each 
nursery received routine cultural treatments normally used for the entire 
nursery during crop growth, Cultural methods and timing of activities were 
similar at both nurseries. 

During nursery growth, seven seedlings were sampled from each treated 
plot on mid-monthly treatment dates d brought to the laboratory for meas- 
urement. Root collar dimeter, shoot height, and shoot, root, and total 
dry weight were measured to monitor the progress of growh. In Jmuary, 2 
months after the final application, a smple of 30 seedlings from each nur- 
sery-block-treatment combination was obtained to determine seedling quality 
differences. 

Seedlings from each plot were lifted and pacbged in the routine 
during January by persomel at each nursery. The seedlings were placed in 
Kraft paper bags labeled by nursery, block, and treatment, After lifting, 
all baa;fs were trmsported to a cooler ( 2 O C )  for storage. All seedlings were 
field-planted within one week after lifting. 

Seedlings from both nurseries were outplmted on the Clemson Experimen- 
tal Forest. The plmting site was a recent pine sawtimber clearcut that had 
been burned several months earlier. Seedlings from each nursery were hand- 
planted with a dibble in separate, adjacent areas. A randomized complete 
block desigrr with eight blocks was established in each area, with each 
block having a row of 35 seedlings. Each row contained five groups of 
seven seedlings, with each group being one of the five nursery treatments. 
Nursery treatment groups were randomly assifled within a row. Spacing of 
plmted seedlings was the sme as that used in the first trial outplanting. 
Two weeks after plating, seedling height and root collar dimeter were re- 
corded, Survival, height, and diameter were measured again in October, at 
the end of the first year9 field growth. 

Soil water infiltration rate in each nursery was determined using a 
surface ponding method described by Slatyer (1967). FJursev soil texture 
was measured using the method of Day (1956). 

R e s d t s  h d  Discussion 
First Study Trial 

Monthly seedling smples showed no bimeter or dry weight grswth dif- 
ferences mong the orgmic compomd treatments during grswth in the nur- 
sery. SeedPing height proved tlnsuitable for evaluating growth after Sep- 
tember because of t ~ ~ - - . j ~ ~ ~ i n g ~  When treated seedlings were lifted for 
outplmting in Jmuary, height, dimeter, and dry weight measurements ap- 
peared different for Algrow and the two Humus treatments (Table 2). How- 
ever, use of 6-m plots in separate beds did not permit separation o f  nur- 
sery bed (location) effects from treatment effects. Use of three beds 
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Table 3. First 'val and growth of loblolly pine nursery seed- 
lings treated c compounds in the nursery before field plant- 
ing (first growth trid). 

Treatment Total height Diameter Survival 

(em> (m) (percent) 

Hmus W3" 80 44.9 a1 8.3 a 85.6 a 
Hmus 12 percent L 42.8 a 7.1 b 83.8 a 
Algrow 45.2 a 8.5 a 79.4 a 
Roots 160 46.0 a 8.7 a 85.5 a 

Control 46.8 a 8.7 a 84.0 a 

"ems followed by the same letter within a column are not signifi- 
cantly different at the 0.05 level of probability, 

Table 4 ,  Tatwe, infiltration rate, organic matter and pH of soils at 
t and Taylor nurseries. 

Texture Water Organic 
Nursery sand silt clay infiltration matter pH 

rate 

----- percent ------ ---- cm/hr ---- percent 

Piedmont 65a1 23a 12a 9 a 4.3 a 5,8 a 
Taylor 90 b 8 b 2 b 70 b 0.9 b 5.5 a 

"ems followed by the same letter within a column are not signifi- 
cantly different at the 0.05 level of probability. 

all treatments. Height and diameter growth in the field was significantly 
greater for seedlings from the Piedmont nursery, but there were no treat- 
ment differences. The difference in treated seedling height was 3.4 cm for 
both nurseries, while the difference in mean diameter was 1.3 m and 1.0 mm 
for seedlings of Piedmont and Taylor origin, respectively. 

Overall, results of both trials show that the comereial organic 
growth-enhancement compounds used in this study caused little change in 
loblolly pine seedling growth. Also, nursery-treated seedlings from both 



Table 5- Hei&t, d i  ter, and total dry wei@t of treated Pi 
ery loblolly pine seedlings When lifted for field plant- 
(second growth trid). 

Nursery Treatment Height Diameter Total dry 
weight 

Piedmont Humus kfP 80 22.7 4.8 3.7 
Humus 12percent L 22 . 2 4.6 3.4 
Algrow 22.0 4.6 3 . 5 
Roots 160 23.0 4.8 3.5 
Con t rol 24.1 4.6 3.5 
Average 22.8 a1 4.7 a 3.5 a 

Taylor Humus VIP 80 24.1 5.0 4.2 
Humus 12 percent L 24.5 5.0 4.2 
Algrow 24.5 5.1 4.3 
Roots 160 24.4 4.9 3.9 
Control 22.8 4.7 3.7 
Average 24.1 a 4.9 a 4.1 b 

Nursery means followed by the same letter within a column are not 
significantly different at the 0.05 level of probability. Treatment 
means within nurseries did not differ. 

trials did not show any added benefit af ter completion of a year's growth 
in the field. Increased concentrations of the compounds may be necessary 
before responses can be observed. However, the amounts of inorganic nu- 
trients applied to forest tree nursery beds may mask any beneficial effects 
caused by these organic growth-enhancement compounds. 
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Table 6. First  i v d  and growth o f  lobfo l ly  pine nursery seed- 
lings treated c cospomds during growth in the nursery (sec- 
ond growth trial). 
-- - 

Nursery Treatment Total height Dime ter Survival 

Piedmont Hmus WP 80 39.4 a" 
Hunus 12 percent L 41.0 a 
Algrow 41.1 a 
Roots 160 42.6 a 
Control 41.6 a 

Taylor Humus WP 80 36.4 a 
Hunus 12 percent L 39.0 a 
Algrow 40.0 a 
Roots 160 40.0 a 
Control 38.0 a 

percen t 

Means followed by the same letter within a column for each nursery 
are not significantly different at the 0.05 level of probability. 
Treatment means between nurseries did not differ. 
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EFFECTS O F  SEED SOURCE AND CULTURAL PRACTICES ON EMERGENCE 
AND SEEDLING QUALITY OF NORTHERN RED OAK NURSERY STOCK " 

Gary L. Buchschacher, Patricia T. Tomlinson, Paul S. Johson, 
and J.G. Isebrands 

Abstract. Current nursery practices for rearing northern red oak 
(Quercus rubra L. ) seedlings result in wide variation in quality. 
This variation has led to reluctance in using planted oak seedlings 
for regeneration. The objective of this study was to determine the 
effects of seed source and nursery cultural practices on seedling 
quality at the Wilson State Nursery in Boscobel, Wisconsin. Qbser- 
vations using five seed sources and four cultural practices suggest 
that superior tree seed sources and appropriate cultural practices 
promote early emergence and greater growth, resulting in superior 
quality seedlings. 

Tntrduction 

Current nursery practices for 
rearing northern red oak (Quercus 
rubra L.) seedlings result in wide 
variation in seedling quality. Var- 
iability in stem caliper, stem 
height and seedling vigor have re- 
sulted in a reluctance to use plant- 
ed oak for regeneration. ~ormanik 
and Muse (1986) and Johnson (1989) 
have shown that the number of per- 
sistent lateral roots, stem caliper, 
stem height, and seedling vigor are 
key factors for successful estab- 
lishment. The production of high 
quality seedlings has been addressed 
in several other studies. For ex- 
ample, persistent lateral root pro- 
duction was enhanced by undercutting 
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nursery stock (Johnson 1988), while 
the importance of pH, fertilization 
and undercutting was discussed by 
Crow and Isebrands (1986). 

The objective of this study was 
to test the effects o f  seed source, 
undercutting, soil amendment with 
peat, and emergence time on nursery 
seedling quality. 

Materials And Hethsds 

This study was conducted at the 
Wilson State Nursery, Boscobel, Wis- 
consin, in cooperation with the 
Wisconsin Department of Natural Re- 
sources (DM). Half-sib acorns were 
collected in fall 1989 from four in- 
dividual trees (seed sources 1 to 4) 
in northern Wisconsin. These trees 
represented superior phenotypes and 
were growing on sites of at least 
site index 65 for northern red oak 
(Lundgren and Dolid 1970). For com- 
parison, acorns from the 1989 D M  
public collection (the £if th seed 
source) were also obtained. 

After collection, seeds were 
immersed in water and floating 
acorns were discarded. The 



remaining acorns were soaked for an additional 18 to 24 hours to insure 
complete.and proper hydration (Teclaw and Isebrands 1986). They were then 
surface dried and stored at 1 to 3OC until planting. The public collection 
seed was also floated and hydrated prior to planting, 

Four replicates were planted in a 153-m bed row using a split-split- 
plot experimental design to test for differences among undercutting treat- 
ments, peat amendment, and seed sources 1 to 4. A split-plot experimental 
design was used to test for differences in emergence and survival between 
seed sources 1 to 4 and the public collection seed. 

Prior to planting, 0.12 m3 of sphagnum peat moss (pH ca. 4.5) was till- 
ed into each 1.2 x 2.4-m peat amendment plot to a depth of 20 cm. Acorns 
were som on October 24-25, 1989, at a spaciw of 10 x 22 cm and a depth of 
5 cm in the 1.2-m-wide nursery bed row; a template was used to assure con- 
sistent spacing and planting depth. Two weeks following planting, the row 
was covered with about 5 cm of ground corn cob mulch. This mulch was re- 
moved by hand on April 9, 1990- 

To provide information on the effects of emergence time on seedling 
quality, an additional study consisting of 10 seed sources was planted as 
described above. Within those 10 seed sources, two were the same as those 
used in the main study, and the cultural practices were comparable to the 
non-undercut, peat-amended main study plots. 

Emergence counts were made on May 10 and at approximately 2-week inter- 
vals until the count remained constant for two consecutive periods. Early 
seedlings were those emerging between May 10 and May 25, while late seed- 
lings were considered to be all seedlings emerging after May 25th. Survi- 
val was estimated from a final count made on Augrrst 21, 1990. 

Seedlings were fertilized (110 kg/ha 33-0-0 plus 55 &/ha of 0-0-50) 
every 2 weeks from June through August. Plants were irrigated as needed to 
maintain adequate soil moisture* 

The Quercus morphological index (QMI) was used to assess the morpholog- 
ical stage of seedling development (Hanson et al., 1986). On July 10, 
1990, appropriate treatment plots for seed sources 1 and 4 were undercut. 
At that time, 78 percent of the seedlings were in the 2 Lag stage of devel- 
opment ( e  second flush leaves fully expanded), 16 percent were slightly 
past 2 Lag, and the remainf~g 6 percent were younger than 2 Lag. Seedlings 
were undercut with a Fobro lifting machine with the blade set as close to 
horizontal as possible, at a depth of 15 cm. The agitation bar of the Fob- 
ro was not used. Plants were irrigated for 1 hour after undercutting. 

On September 21, 1990, above-ground seedling characteristics of 10 
seedlings in plots representing each seed source and treatment were re- 
corded and subsamples from these plots were harvested to obtain below- 
ground characteristics. Measurements of seedling quality were stem caliper 
at the soil line (ca. 2 cm above the root collar), stem height, number of 
persistent lateral roots (defined as first-order lateral roots > 1 mm 



diameter; used to determine root grades), and number of flushes. Each suc- 
cessive root grade constitutes an increase of five persistent lateral 
roots; i.e., root grade 1 designates O to 5 laterals roots and root grade 
4, 15 to 20 laterial roots. Only lateral roots on the first 15 crn of tap- 
root were counted because any deeper lateral roots and taproot would be 
lost after undercutting or mechanical lifting. All data were expressed as 
the mean + standard error of the mean. 

Results and Discussion 

Over the 16-week observation period, seed sources 1 to 4 produced seed- 
lings with significantly greater early emergence rates and total emergence 
(wk 1 to 6), and higher survival rates (wk 16) than those from the public 
collection; e.g., 88 percent emergence and survival for seed sources 1 to 4 
compared with 54 percent for the public collection (Fig. 1). In addition, 
emergence rates differed mong the seed sources, seed source 2 had the most 
rapid emergence rate (Fig. 1). 

Although there was no difference in nwnber of flushes, early emergent 
seedlings had greater stem caliper and height than did late emergent seed- 
lings (Fig. 2). Similarly, stem caliper and height differed among seed 
sources 1 to 4 (Fig. 3 and 4); seedlings from seed source 4 had greater 
stem caliper and height compared with seedlings from the other seed 
sources. No difference in the number of flushes was detected among seed 
sources 1 to 4 (Fig. 3 and 4). Undercutting decreased stem caliper and 
height in all seedlings but seedlings from seed source 4 were still tailer 
than those from seed sources 1 and 3 (compare Fig. 3 with Fig. 4). 
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The greatest treatment effects resulted from undercutting. Undercutting 
decreased both stem caliper and height (Fig. 5) and increased the number of 
persistent lateral roots (Fig. 6). The number of lateral roots increased 
from 10k1 for seedlings not undercut to 18+1 for undercut seedlings: a sig- 
nificant increase. Soil amendment with peat had no effect on growth (Fig. 
5), but increased the number of lateral roots slightly (Fig. 6). Peat 
amendment decreased soil pH from 5.8k0.2 to 5.0+0.1 (measured at planting, 
Fall 1989). Thus, the increase in number of lateral roots was presumably 
due to improved soil texture as well as changes in pH. 

Root Grade PIcrslss Treatments 

....................................... 
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Figure 5. Cultural practice ef- 
fects on above-ground response of 
seedlings from seed sources 1 to 4. 

Figure 6. Cultural practice ef- 
fects on root grade of seedlings 
from s d  sources 1 to 4* (Root 
grades are defined by the number of 
persistant laterals, e.g., root 
grade 1 is 0-5 laterals and root 
grade 5 is 320 laterals. Trea t -  

ts = in Figure 5.) 



The results of this preliminary study show that early emergent seed- 
lings have greater stem caliper and height than late emergent seedlings. 
Seedlings from individual, superior tree seed displayed earlier and greater 
percent emergence. In addition, wldercutting and peat amendment increased 
the number of persistent lateral roots. Given these results, oak seedling 
quality would be improved by the use of seed collected from superior trees 
or stands (registered for collection) rather than seed purchased from un- 
restricted public collections, and by undercutting and peat amendment of 
nursery beds. Together these practices should decrease seedling variability 
and increase seedling quality and outplanting sutzcess, 

Authors wish to acknowledge the support and cooperation of the Wiseon- 
sin Department of Mtural Resources for this project. 
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EFFEC"F SF RADICLE CLfPPING ON SUBSEQUENT GROWTH 
OF RED'OAK SEEDLINGS IN HIGH AND LOW MOISTURE ENV~RONMENTS 

Charles J. Barden and Todd W. Bowersox 

Abstract. This study evaluated the influence of presowing radicle 
clipping on subsequent growth in high a d  lotr soil moisture envi- 
roments of northern red oak seedlings from five families. The 
radicle clipping treatment slightly improved 1st-year outplanting 
shoot growth over control seedling levels. End-of-season shoot di- 
ameter, height, and volume were all significantly increased by the 
treatment. There were significmt interactions between the families 
and soil moisture levels. Rootlshoot ratios were not significantly 
increased by the low moisture environment. The results indicate 
that radicle clipping may be useful in improving northern red oak 
(Quercus rubra L.) seedling field performance. 

Outplanting of seedlings is of- 
ten done in forestry research to de- 
termine the practical utility of 
various cultural treatments under 
field conditions. If a greenhouse 
growth response is not repeated in 
the field, then the controlled envi- 
ronment results may be of little 
practical importance. Root growth 
capacity (RW) is the measure of 
seedling ability to rapidly grow new 
roots when planted into a controlled 
environment. RGC has been correla- 
ted with outplanting shoot growth 
and survival in several tree species 

lap 1980), including 
northern red oak (Quercus rubra L . ) ,  
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(Webb a d  von Althen 1980, Larson 
1988)" Furthermore, Barden and Bow- 
ersox (1989) have shown northern red 
o& RGC to be improved by a combina- 
tion treatment of radicle clipping 
with lateral root pruning. 

Burdett (1987) noted that re- 
ports relating laboratory RGC to 
field root growth are absent from 
the literature. A key question is: 
'90 high RGC levels in short-term 
greenhouse tests translate to su- 
perior root growth in the field?" 
The answer to this question will 
provide insights as to how and why 
the RGC test indicates planting 
stock quality. As an intermediate 
step, this study allowed intensive 
sampling of northern red oak seed- 
ling shoot and root growth after one 
growing season under high and low 
soil moisture "field" conditions. 
The objective of this study was to 
evaluate the in£ luence of presowing 
radicle clipping on the subsequent 
growth of northern red oak seedlings 
from five fmilies grown in high and 
low moisture environmentsl 



Materials h d  Methods 

Acorns were collected from four planted northern red oak trees growing 
adjacent to each other in Lebanon County, southeastern Pennsylvania. One 
family was collected from a planted tree on the Penn State University cam- 
pus in State College, Pennsylvania. Seed sources of these planted trees 
are om. The seedlots used were thus from five open-pollinated fam- 
ilies. All seedlots were gathered during September and October 1985. The 
acorns were held uncovered indoors for two weeks at room temperature, and 
overwintered in cold storage at I0C in covered containers. 

Acorns were removed from storage in May 2987, soaked in water for 24 
hours, and kept moist at room temperature to promote sprouting. The length 
of the emerging radicle was reduced by one-half, as the distal portion was 
removed with a razor blade on one-half of the acorns. The radicles were 
approximately 1-4 cm-long when the clipping was performed. In June 1987, 
all acorns were planted into three replications within a nursery bed at 
Penn Nursery, operated by the Pennsylvania Bureau of Forestry. The seed- 
lings were raised using operational nursery practices for irrigation, fer- 
tilization, weeding, and insect control. All seedlings were machine lifted 
from the nursery in April 1988 and held in cold storage at 2 O C  for 1 month. 

The seedlings were planted into boxes filled with a Morrison sandy loam 
forest soil. Six plywood frames, 1.22 x 1.22 x 0.61 m (L x W x N) with 10- 
mm mesh screen bottoms, were lined with 3-4 cm of gravel. The boxes were 
filled with soil and three each were maintained at either a high or low 
soil moisture level. A preplanting application of 47.6 g of fertilizer (8- 
16-16) was incorporated into the upper soil layers of each box. This rate 
corresponds to 25.6 kg of nitrogen per hectare. In mid-July, 32.8 g of 
urea (46-0-0) were applied to each box, which corresponds to a 101.4 kg/ha 
rate of nitrogen. These heavy rates of fertilization were used due to the 
infertile nature of the Morrison soil. 

Twelve seedlings from each treatment of the five families (n = 120) 
were planted at a density of 30 seedlings/mz in a randomized complete block 
design. The moisture treatments were maintained by differential irrigation 
rates, and by sheltering the boxes from natural precipitation. A11 irri- 
gation events were timed to allow calculation of the amount of water actu- 
ally applied (i . e. , 10 min = 3 cm) . Actual soil moisture levels were doc- 
umented weekly at three depths by data from a 310A moisture temperature 
cell obtained from SOILTEST Inc., Evanston, Illinois. 

All seedling root systems were pruned to a length of 20 cm before 
planting. Initial shoot height and groundline diameter were recorded for 
each seedling. At the end of the growing season the final shoot diameter, 
height, terminal dieback, and number of flushes were recorded for each sur- 
viving seedling. Shoot volume was calculated as an index (diameter2 x 
height). The boxes were then dismantled and the soil washed from the root 
systems to allow sampling of root growth. Shoot and root system dry 
weights were obtained for each surviving seedling. The root system was 
divided into two components by removing all new roots originating at 20 cm 
from the groundline and weighing them separately. Thus, the root system 



was divided into the original, planted roots, and the new roots originating 
af ter transplanting. 

Analysis of variance (ANOVA) and covariance were used to ascertain sig- 
nificant treatment effects, cants New Multiple Range Test was used to 
evaluate treatment means using the SAS (SAS 1987) statistical package. 

Results 
bdicle Clipping Effects 

The mean shoot volume increment of the five families over both moisture 
regimes was increased significantly (68 percent) by the radicle clipping 
treatment (Table I), although radicle clipping resulted in a nonsignificant 
increase in height increment. Neither the length of shoot dieback nor the 
number of shoot-flushes were significantly affected by the radicle clipping 
treatment. 

Table 1. Shmt growth respomes to radicle elippping of northern red 
o& sdlings from five £ lies planted into high and l c f w  soil =is- 
twe mwir ts. 

Morphological measure Unit Radicle not Radicle clipped 
clipped (control) 

Initial diameter 
Diameter increment 
Final diameter 
Initial height 
Height increment 
Final height 
Volume increment 
Final volume 
Dieback 
Flushes 

mm 
mm 
mm 
cm 
cm 
cm 
cm 
cm3 
cm 
no. 

Means within a row followed by the same letter are not significantly 
different at the P < 0.05 level. 

The final shoot diameter, height, and volume measures were all signif- 
icantly greater for radicle clipped than for control seedlings (Table 1). 
Final shoot volume was the most responsive variable, exhibiting a greater 
than 60% increase due to radicle clipping. The greater response of the fi- 
nal shoot measures may be partially due to the significantly larger initial 
shoot size of the radicle clipped seedlings (Table l), although analysis of 
covariance indicated a significant radicle clipping effect beyond initial 
height and diameter measures. Analysis of covariance indicated that init- 
ial shoot diameter was significantly related to diameter increment (P < 
0.01), final diameter (P < 0.0001), final height (P < 0.05), and final vol- 
ume (P < 0.0001). Initial shoot height was a significant covariate only of 
height increment (P < 0.0005). 



The radicle clipping treatment significantly increased the dry weight 
of the shoot and the original roots over control seedling levels (Table 2 ) .  
Shoot dry weight was more strongly affected, exhibiting a 30 percent in- 
crease. Total root system dry weight and new root dry weight were slight- 
ly, but not sipificantly greater for radicle clipped seedlings. Root/ 
shoot ratio was not simificantly affected by radicle clipping. 

Table 2, &-dry ~~3igkPt m r  depth in response to 
radicle cfipp--ing of: nor 

pla ted l  into hi& md low soil misture eillvfro 

Response measure Unit Radicles not Rad i cles 
clipped (control) clipped 

Shoot weight 8 
Root system weight 
Original root weight g 
New root weight g 
Root/shoot ratio - 

Means within a row followed by the same letter are not significantly 
different at the P < 0.05 level (n varied from 67 to 69).  

Family and Soil Moisture Effects 
The differential moisture contents sf the high a d  Pow soil moisture 

treatments are documented in Table 3. The treatments correspond to a well 
watered and a droughty environment. During the growing season (June-Sep- 
tember), the high moisture boxes received 40.3 cm of combined precipitation 
and irrigation while the low moisture boxes received only 21.3 cm. 

The families exhibited complex responses to the differential soil mois- 
ture levels. There were significant interactions between the families and 
the soil moisture levels for diameter increment (P < 0.005), height incre- 
ment (P < 0.05), volume increment (P < 0.05),  final diameter (P < 0.005), 
final height (P < 0.05), and final volume (P < 0.01). Due to these inter- 
actions, the means are presented in Table 4 by family and soil moisture 
level, and only general trends of the family and soil moisture main effects 
can be discussed. 

Families 1, 4 ,  and 5 responded to the high soil moisture environment by 
significantly increasing growth over that observed in the low soil moisture 
boxes (Table 4 ) .  Family 2 responded to the high moisture environment with 
onPy small, nonsignificant growth increases. However, Family 3 exhibited 
nonsignif icantly reduced shoot diameter and volume increments when grown in 
the high soil moisture environment (Table 4). The significance of the in- 
teractions is primarily due to the unusual growth response of Family 3. 
Shoot growth means by soil moisture level are also presented in Table 4. 



When averaged across families, diameter increment, height increment, and 
volume increment, were all three times greater for seedlings grown in the 
high moisture boxes compared with the low moisture boxes. The growth ad- 
vatage bf seedlings grown in the high moisture boxes was evident. 

Table 3. Mean s o i l  misture contents (percent ovendry weight) averaged 
over the growing season at three s o i l  depths for the low and high s o i l  
m i s t w e  boxes. 

Soil depth (cm) 
Moisture levels 15 30 45 

Low 

High 

Means within a column followed by the same letter are not signifi- 
cantly different at the P < 0.05 level (n = 12). 

The number in parentheses is the frequency of observed moisture con- 
tents below 15 percent. 

Table 4. t growth responses to high and low soil moisture conditions of five families of 
nor them red oak seedlings across radicle clipping treatments. 

Shoot growth responses 
Family and Diameter Final Height Final Volume Final 
moisture level increment diameter increment height increment volume 

1 Low 
1 High 

2 Low 
2 High 

3 Low 
3 High 

4 L o w  
4 High 

5 Low 
5 High 

Mean low 
Mean high 

"ems followed by the same letter are not significantly different at the P < 0.05 level. 
Comparisons are made only within families (n varied from 7 to 12). 



The family ovendry weight data was not as prone to interactions as the 
shoot height and diameter data. Shoot ovendry weight was significantly 
higher for seedlings subjected to the high soil moisture conditions (Table 
5). NO shoot ovendry neight interactions were significant. Total root 
system, and original root ovendry weights were not significantly affected 
by the soil moisture levels (Table 5). However, new root weight did exhihit 
a significant interaction (P < 0.05) between the families and moisture lev- 
els, similar to the shoot growth responses. Families 1 and 4 significantly 
increased their new root ovendry weight in response to the higher soil 
moisture environment, whereas Families 2 and 3 exhibited nonsignificmt re- 
ductions in new root ovendry weight in that environment. Rootlshoot ratio 
was not sipificantly affected by soil moisture level. 

Table 5. Ovendry weight responses of northern red oak seedlings from 
lies to low and high soil moisture levels, 

Soil moisture 
Response Unit Low High 

Shoot g 
Root system 43 
Original roots g 
New roots 8 
Root/shoot ratio - 

Means within a row followed by the same letter are not significantly 
different at the P < 0.05 level. Due to the significant interac- 
tion between families and soil moisture on new root weight no means 
separation are reported for this variable. 

Discussion 

The radicle clipping treatment consistently improved shoot growth over 
control seedling levels, although the difference was only signif icmt for 
volume increment. Final shoot diameter, height, and volume were all sig- 
nificantly increased by radicle clipping. Radicle clipping only resulted 
in nonsignificant increases in new root ovendry weight and total root oven- 
dry weight ; 

The families displayed complex responses to the soil moisture levels, 
resulting in significant interactions for all shoot increments and final 
size measures. Family 3 was ranked first in diameter and volume increment 
when grown in the droughty boxes, but was ranked last and fourth, respec- 
tively, in the high moisture boxes. The other families all responded to 
higher moisture levels by increasing their growth by varying degrees. New 



root dry weight exhibited a similar interaction, with Families 1 and 4 dis- 
playing significant reductions due to droughty conditions, while Families 2 
and 3 displayed slight growth increases in the drier environment, Thus, 
these fmilies may vary in their degree of adaptation to drought, as evi- 
denced by their differential grwth response to the high and low soil mois- 
ture enviroments. 

Overall, the pre-sowing radicle clipping treatment improved the end-of- 
season shoot growth in outplanted seedlings, Thus, radicle clipping may be 
useful in improving northern red oak seedling perfor ce. Also, the 
strong family by moisture level interaction illustrates the need to care- 
fully consider genotype effects whenever assessing cultural treatments. 
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HERBICIDE AND BURN SITE PREPARATION IN THE GEORGIA PIEDMONT " 

Dave L, Bramlett, Earle P. Jones, Jr., and Dale De Vade 

Ahtract. A 40-ac harvested loblolly pine (Pinus taeda L. ) stand -- 
in the bwer Georgia Piedmont was divided into five randomized 
blocks, each containing four, 2-ac treatment plots. Treatments 
were: (1) herbicide followed by burning, (2) herbicide alone, (3) 
drum chopping, and (4) control. Herbicide application consisted of 
a Garlon 4TM and Tordon 10ITM mixture applied with ground equipment 
in July 1987. Burning was done in September 1989. Chopping with 
an offset roller drum was completed in July 1987. Loblolly pine 
seedlings were planted in February 1988 and measured after one, 
two, and three growing seasons. After 3 years, mean height, diam- 
eter and volume index of the seedlings planted af ter herbicide ap- 
plication and burning were significantly larger than those on any 
other treatment area. Seedlings on plots treated only with her- 
bicide were taller and had a higher volume index than seedlings on 
mechanically chopped plots and control plots. There was no signif- 
icant dif f erenee in pine seedling survival among treatments. These 
results indicate that herbicide application followed by burning is 
an effective way for landowners to regenerate neglected cutover 
sites. 

Introduction 

Low-cost, effective procedures 
to regenerate loblolly pine ( Pinus 
taeda L.) after harvest mav be the 
key0 reversing the decreaHe in the 
acreage of well-stocked pine stands 
in Georgia. Too often, nonindustri- 
al private forest (MIPF) landowners 
cut mature stands of loblolly pine, 
realize a substantial income, but 
fail to make any effort to reaener- 
ate the harvested area to loblolly 

pine. If, fortuitously, some pine 
regeneration becomes established and 
successfully competes with the hard- 
wood vegetation, a mixed pine-hard- 
wood stand may develop. Af ter two 
or three similar cutting cycles, 
however, the pine component is vir- 
tually eliminated and cull or low 
value hardwoods dominate the site. 

Sites can be prepared mechanic- 
ally, chemically, by burning, or 
through combinations of these meth- 
ods. Intensive mechanical site 
preparation, such as rootraking, 
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landowners are willing to invest in pine regeneration (Strale;t et al., 1989) 
and can .cause site deterioration (Hitchell 1988). 

Herbicide applications for site preparation have gained wide acceptance 
in the past decade (Merck 1989). The obvious advantage of chemical site 
preparation is minimal soil disturbance. A disadvantage is that even 
though the vegetation is killed or severely affected by the herbicide, a 
large mount of standing debris remains on the site making a difficult 
planting job. In addition, some plant species m a y  resist the herbicide 
used and survive to compete with planted pine. 

Fire is the classic site preparation method for replanting harvested 
southern pine sites. The use of prescribed fire throughout the rotation 
can eliminate or greatly reduce hardwood competition (Jones 1989)* And 
broadcast burn after logging can dispose of much of the logging debris. 
The large amount of available fuel at that time can carry an intense enough 
fire to kill the tops of fairly large residual hardwoods. One disadvantage 
of burning after logging is that the logging operation disrupts fuel con- 
tinuity so that a fire my not carry over the entire area. 

Combinations of mechanical and fire treatments such as drum chopping 
and broadcast burning or felling and buming can be very,effective* Herbi- 
cide axld fire combinations also have synergistic effects (Clawson 1989). 
The correct herbicide will kill or severely damage much of the hardwood and 
herbaceous vegetation, increasing the mount of fuel available to carry a 
fire. Thus, the fire is more likely to burn through areas of understory 
vegetation that would not burn without prior herbicide treatment. Dead 
fuels created by applying herbicide also make imition easier and permit 
burning on days when the fire hazard is relatively Pow. 

The study described here was established to evaluate three postharvest 
site preparation alternatives that are comonly used by NIPF landowners in 
the Georgia Piedmont. The study was located on private land near the Ernst 
Brender Demonstration Forest in Jones County, Georgia, so that tour groups 
could compare these regeneration methods with preharvest site preparation 
alternatives as reported in these proceedings (Wade et al., 1991). 

The study was installed on an area where the pine sawtimber and pulp- 
wood had been harvested in 1985. By 1987, residual understory and over- 
story hardwoods dominated the site, and hardwood sprouts, weeds, and vines 
were well established. In July 1987, five randomized blocks of 8-ac each 
were delineated and the f olloning four treatments assigned: (1) herbicide 
application followed by burning (brom and burn); (2) herbicide only; (3) 
drum chopping; and (4) control. Each treatment plot was approximately 2 ac 
in size. A 0.2-ac measurement plot was located in the center of each 2-ac 
treatment plot to measure development of seedlings to be planted after 
treatment applications. A concentric 0.02-ac plot was established to re- 
cord the growth of understory stems greater than 4.5 ft tall but less than 
4.6 inches in diameter, 



Herbicide was applied with a tractor-mounted sprayer on July 16-1Zk 
1987. The equivalents of 'h gal of Garlon 4TM and 1% gal of Tordon 101 
were applied per acre (products registered by Dow Chemical Compmy), A 
spreader/sticker (Cide-kick) was mixed with the water solution. Agpsoxi- 
mately 25 gal of solution were applied per acre by m&ing seven single pas- 
ses across the 2-ac treatment plot with a 48-ft distance between gasses. 

Burning was done to the five scheduled plots on September 18, 1987. A 
front crossed the site during late morning, producing nearby rain showers 
but not on the study area. Burning conditions were marginal *en the first 
plot (Block V) was ignited at 1245 but improved steadily during the after- 
noon. At ipi tion, ambient temperature and relative humidity were 86OF and 
59 percent, respectively, and wind speed was 3-4 mph with gusts to 8 mph. 
Burning conditions peaked at 2600, when the temperature reached a maximm 
of 92"F, relative humidity stood at 42 percent, and winds were fairly 
steady at 5-6 mph, Moisture contents ranged from 6 to 9 percent in the up- 
per litter layer and from 13 to 15 percent in the herbicide-treated hard- 
wood foliage* The nearest fire weather station (about 7 mi distant) re- 
corded a 1-41 timelag fuel moisture of 9.5, a 10-h timelag fuel moisture of 
9.0, iznd a fuel stick reading of 9. The Keetch-Byram Drought Index stood 
at 617, indicating the area was in severe drought. Plots were first back- 
fired m d  then ringed to produce hot fires. Fuel loading varied from vir- 
tually none to jackpots of several tons. Because of the wide variation in 
fuel loading and the firing techiques used, rates of spread were not meth- 
odically taken but spot measurements showed that they often exceeded I ft/ 
min. Flame lengths of 6 inches to 3 ft were common except i n  jackpots, 
where were they raged up to 10 ft. Small areas on all plots contained 
thick, weedy growth that did not burn well. These patches and other areas 
the fire did not reach because of fuel discontimites were ignrited on Sep- 
tember 19, so that 80-90 percent of each plot area was burned. All burns 
met the intended treatment objectives; results on Blocks I1 and III were 
judged excellent. 

The chopped area received a single pass with an offset drum chopper 
pulled by a rubber-tired skidder. 

Improved loblolly pine seedlings from the Georgia Forestry Gomission 
nursery were hand planted on all treatment areas in February 4988 at a 
spacing of approximately 10 x 6 ft (726 trees/ac). Nmbered tags were 
placed on pins set near each of the 140-150 planted seedlings in a 0.2-ac 
measurement plot. All volunteer seedlings were removed from measurement 
plots at the time of planting. Survival, height, and diameter (1.0 ft 
aboveground) of the planted pines were measured in October 1988 (survival 
and height only), January 1990, and October 1990. 

Herbs, shrubs, vines, and trees less thm 4.6 f t tall were observed on 
10 permanent milacre plots per treatment plot. The 10 milacres were loca- 
ted on a line tangent to the 0.2-ac circular plot. The line was oriented 
in the plot to rurr perpendicular to the slope, and the milacres were 10 f t 
apart along the line. Coverages by vines, weeds, and grasses were estimat- 
ed as percentages of the milacre. The total coverage for these three 
groups could exceed 100 percent due to layering of the vegetation. Also, 



the four most important plant species identified on each milacre. To qual- 
ify, a species had to cover 10 percent or more of the area. For each iden- 
tified plant, the percent cover was estimated. 

The SASISTAT (1987) software program for personal computers was used to 
analyze the data, Treatment means were separated with the Dunean's multi- 
ple range test when analyses of variance showed significmt treatment dif- 
ferences at the 0.05 level of probability. 

Redts  And Discussion 

No significant difference in the survival of planted seedlings was 
found mong site preparation treatments. After one, two, and three growing 
seasons overall survival was 69, 68, and 67 percent, respectively (Table 
1).  Thus, the greatest seedling mortality occurred from the time of plant- 
ing in February 1988 until January 1989, when initial survival counts were 
recorded. A severe drought in the spring and early s r of 1988 was un- 
doubtedly responsible for much of the mortality, Once established, howev- 
er, planted seedlings on all plots maintained a stocking level of approxi- 
mately 500 treeslac for the next 2 years. 

After the first growing season the heights of planted seedlings in the 
brown-and-burn area were significantly taller than those in the chopped or 
control areas (Table I ) ,  By the end of the second growing season, seed- 
lings on the brown-md-burn area were significantly taller than all other 
seedlings* By the end of the third growing season, the mean heights of 
seedlings in all treatments were significantly different: average heights 
were 5.98 f t  on brom-and-burn area, 5- 17 ft on the herbicide-only area, 
4.59 ft on the chopped area, 4.00 ft on the control plots. 

The diameter growth response of seedlings to treatment was similar to 
the height growth response. After two growing seasons, the mean diameter 
of the seedlings in the brown-and-burn areas was significantly greater than 
that of seedlings on m y  other areas (Table 1). After three growing seas- 
ons, the seedling dimeters in the brown-and-burn area averaged 1.02 inches 
compared with 0.76 inch for the herbicide-only area, 0.72 inch for the 
chopped area, and 0.47 inch for the control area. 

A seedling volume index can be computed by squaring the diameter and 
multiplying by the height. This value is useful for comparing pine seed- 
ling response growth mong the treatment effects. For the 2 years with 
dimeter measurements, the volume index after the brown-and-burn treatment 
was simificmtly greater than after any other site preparation treatment 
(Table 1). Both herbicide alone md the chopping also increased seedling 
growth over that of controls. The magnitude of the difference mong treat- 
ments is striking, After three growing seasons, the volume index far seed- 
lings in the brawn-and-burn areas was more than six times that on the con- 
trol area rznd more than twice that of the chopped area. 

The outstmbing response to the brown-and-burn treatment appeared to be a 
function of reduced competition during the first 3 years after planting, 



Table 1. i v d ,  hei&t, d i  index sf loblolay pine 

Treatment Year 1 Year 2 Year 3 

Brown and burn 
Herbicide only 
Drum chopping 
Control 

Brown and Burn 
Herbicide only 
Drum chopping 
Control. 

Brown and burn 
Herbicide only 
Chopping 
Control 

Brown and burn 
Herbicide only 
Drwn chopping 
Con t rol 

-------- Survival (percent) ------ 

-------- Diameter (inches) --------- 

------ Volume index (inches3) ----- 

Values with different letters within the same year are significantly 
different at the 0.05 level of probability. 

Data from the 30 milacre samples per treatment plot in year 1 indicated 
that the percent cover of vines was significantly reduced on both the brown 
and burn plots and the herbicide only plots as compared to the chop treat- 
ment area or the control (Table 2). The pattern af increased vine compe-- 
tition on the chopped and control plots held for the next 2 years, but alP 
plots showed an increase in the percent of vine cover from years 1 to 3. 



Table 2. Percat cover of weeds d grasses and vines om milaere plots 
d t h  four site prewation treat 

Treatment Year 1 Year 2 Year 3 

Brom and burn 
Herbicide only 
D r w  chopping 
Control 

------------- (percent cover) -------------- 

Weeds and grasses 

Vines 

"Brown and burn 19.18 b 39.28 c 33.68 c 
Herbicide only 20.44 b 52.04 b 50.24 b 
Drum chopping 56.52 a 7 8 d 2  ab 71-48 a 
Control 53.30 a 84.10 ab 76.12 a 

Values with different letters within the same year are significantly 
different at the 0.05 level of probability, 

In contrast, weed and grass species had a greater percent cover on the 
herbicide-only and brown-and-burn areas (Table 2 ) .  The herbicide-alone 
mem value in year 1 was significantly greater than those of the other 
three treatments. In year 2,  the control treatment had a significantly 
lower percent cover value. In year 3,  the brown-and-burn and herbicide- 
alone areas had significantly higher cover percentages than the control 
area, but they were not different from the chopped area. 

Thus, weed and grass coverage was inversely proportional to the vine 
coverage. When vines were reduced by herbicide or herbicide and burning, 
the earlier species of plant succession are favored for 2 or 3 years. 
Planted pines compete more successfully with grasses than they do with 
vines and they grow faster in both height and diameter under the former 
conditionsl 

Individual plant species were recorded on each milacre plot when they 
occupied more than 10 percent of the area. The frequency and percent cover 
for importat species were affect by site preparation treatments. For ex- 
mple, f ireweed (Eupatorium album L. ) is an aggressive pioneer species and 
was most prevalent after brown-and-burn or herbicide-only treatments (Table 
3 ) .  In year 1 ,  fireweed was identified on 80 percent of the brow and burn 
p lo t s  a d  44 percent of the herbicide plots. However, only 2 percent of 
the chopped plots and none of the control plots had fireweed listed as an 
important species. In year 2, the percent of milaeres with fireweed de- 
creased to 2 and 6 percent in the brow-and-burn plots and herbicide-only 



plots, respectively. Fireweed completely disappeared by year three on all 
plots. It was never observed as an important species on the control plots. 

Table 3. Percent of milacres with indicator species, and the average 
mihcre coverage for EOW site preparation treat 

Treatment 
Year 1 Year 2 Year 3 

Present Cover Present Cover Present Cover 

Fireweed 

Brow and burn 80 31 2 23 0 0 
Herbicide only 44 27 6 22 0 0 
Drum chopping 2 10 0 0 0 0 
Control 0 0 0 0 0 0 

Broomsedge 

Brown and burn 8 29 12 32 32 35 
Herbicide only 30 22 56 37 60 38 
Drum chopping 12 16 30 24 30 20 
Control 8 21 28 20 22 25 

Brom and burn 18 21 50 37 52 33 
Herbicide only 34 28 42 35 26 23 
Drwn chopping 14 35 20 26 14 29 
Control 28 17 32 39 22 32 

Honeysuckle 

Brown and burn 14 47 38 55 52 46 
Herbicide only 54 32 80 64 80 61 
Drum chopping 82 58 100 76 92 74 
Control 90 52 100 79 98 74 

Other important species, such as broomsedge ( virginicus L* ) 
and parnicum grasses (Panicurn spp. ), were prevalent after all treatments and 
their occurrence was not related to the method of site preparation. 



Broomsedge appeared to be favored by the herbicide-only treatment. Tordon 
101 contains 2,4-D, which kills broadleaf weeds. Panicwns were broadly 
fowd across all treated areas, but were not frequent on the brown-and-burn 
plots in years 2 and 3. This species invades disturbed sites and is favor- 
ed by treatments that produce areas of bare soil. The presence of honey- 
suckle (Lonicera japonica Thunb.) was greatly reduced on the brown-and-burn 
plots in year 1 (14 percent), but its occurrence gradually increased to 52 
percent of the plots by year 3. In contrast, both the chopped area and the 
control area had a high frequency of honeysuckle in year 1 (82 and 90 per- 
cent, respectively) and reached 100 percent occurrence by year 2 (Table 3). 
When present, honeysuckle tended to occupy a relatively large percentage of 
the site. For example, on control milacres honeysuckle coverage averaged 
79 percent in year 2 and 74 percent cover in year 3. 

The number of hardwood sprouts on the 0.02-ac plots was not signifi- 
cantly affected by site preparation method after three growing seasons. 
Sprout prevalence did not appear to be affected by treatment. 

Plated loblolly pine responded very positively to a postharvest site 
preparation combination of herbicide and burning. Herbicide alone and mec- 
hanical treatment also increased seedling growth. 

Pioneer plant species were favored by the brown-and-burn and herbicide- 
only treatments. For example, fireweed was prevalent the first 2 years a£- 
ter site preparation but disappeared from the plots by year 3. In con- 
trast, vines were most prevalent af ter chopping and on wtreated control 
areas* Vine coverage increased on the mechanical and control areas and by 
year 3 were the major species group on the plots. 

men MPF landowners harvest pine without a regeneration plan and the 
site is not adequately stocked with advance regeneration, the brown-and- 
burn site preparation method can be effectively used to establish a fast- 
growing pine plantation* 

The authors acknowledge Fred Allen, Lynn Hooven, and Walker Rivers of 
the Georgia Forestry Commission who supported the study with financial as- 
sistance and equipment. 
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EVALUATION OF SIX SPTE-PREPARATION TREATMENTS 
ON GROWTH AND SURVIVAL OF 

LOBLOILLY PlNE BN THE GEORGIA PIEDMONT " 

M e  Boyd Edvards and Barq DI Shiver 

Abstract. Six site-preparation treatments that ranged in intensity 
from check (no active treatment) to shear-rootrake-burn-disk-fer- 
tilizer-herbicide vere applied in replicated 2-ac plots on the 
Witchiti Experimental Forest on a Piedmont site in central Georgia* 
Loblolly pine (Pinus -- taeda L.) seedlings were planted and their 
survival, height, and diameter gronth observed for 8 years. Rates 
of survival m d  growth were loner for pines in the check plots than 
for any others, Treatments that included mechanical tilling re- 
sulted in good growth and survival. The most productive plots were 
those that were treated with fertilizer and herbicide in combina- 
tion; these yielded almost 3.8 times as much volumeiac as the check 
plots did. 

Few long-term studies have 
assessed the effectiveness sf dif- 
ferent site-preparation treatments 
in increasing the survival and 
grovth of planted loblolly pine (Pi- 
nus taeda L. ) in the Piedmont P r K  -- 
incle. This study describes the ef- 
fects of six site-preparation 
treatments of different intensities 
on survival and growth of plmted 
loblolly pine in the Piedmont of 
Georgia after 8 growing seasons. 

select 
that w 
mortali 

site-preparation treatments 
ill minimize loblolly pine 
ty and maximize yield. 

The study area is an 84-ac tract 
located in the Bitchiti Experimental 
Forest, 20 mi north oE Macon, Geor- 
gia, in Jones County. The harvested 
stand was composed mainly sf loblol- 
ly pine, but some mature and sap- 

The informat ion presented here will ling-sized sweetmm (Liquidambar 
help foresters, land managers, a d  styraciflua L.) and dogwood (Cornus 
private lmdomers in the Piedmont florida L.)  and other hardwoods were 

present, Average site index for 
loblolly pine was 80 ft at 50 years. 

Paper presented at Sixth Biennial 
Southern Silviculturab Research Con- 
ference, Memphis, TN, Oct' 30-Nov, 
1, 1990. 

Research Ecologist, Southeastern 
Forest Exp. Sta., Dry Brmch, GA; 
and Assistant Professor, Sch. Forest 
Res., Univ. Georgia, Athense 

The preharves t stand was regenerated 
naturally on eroded cotton fields 
that were abmdoned in the 1 9 3 0 ~ ~  
after boll weevil epidemic and ecs- 
nomie depression. The soils are 
comprised of five series which oc- 
curred as eroded phases on this un- 
dulating terrain, and are typical 
Piedmont clayey Ul t isols except for 
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6, Shear, rootr&e, burn, disk, fertilizer, and herbicide--Site prepar- 
ation was the same as in treatment 5, except that oniurn nitrate 
(34-$;0) was applied by hand at rate of 300 lb/ac in March 1983 and 
Oust weed killer, containing 75 percent sulfometuron methyl, was 
applied at a rate of 8 ozfac in April, with backpack sprayers* Wer- 
baceous weed control was essentially 100 percent during most of the 
1983 growing season* 

Improved loblolly pine seedlings (1-0 stock) were obtained from the 
Georgia Forestry Comission nursery* They Mere hmd-plmted with dibble 
bars in January and February 1982 on a spacing of 6 x 10 ft. 

Measurements were made for 5 consecutive years m d  again after the 
eighth growing season. Measurements included heights sf seedlings and 
young saplings* Bimeters were measured at the 1-ft height after the third 
growing season and at breast height after the fourth growing season. Anal- 
ysis of variance procedures were used to test for significmt by-treatment 
differences in height, dimeter, percentage survival, m d  volume growth* 
h n c m f s  multiple range test was used to determine whether differences 
among mems were simificant at the 0.05 level. All data malyses were 
performed using the Statistical linalysis System (SAS 1985). 

Results And Discussicm 

Response in rate of survival was critical; grwth responses would have 
been less meaningful if survival had varied widely arnong treatments. At 
the end of the first growing season, treatment 4 was the only one that gave 
survival rates sig;nificmtly different from those in the check plots (Table 
1). Survival in treatment 4 plots was reduced because very heavy rain fell 
just after the pelleted herbicide was applied. Approximately 3 inches of 
rain fell in about 3% hours, and this resulted in rapid distribution of a 
large quantity of herbicide. 

About 35 percent of the planted pines were killed, and there was almost 
total first-year control of herbaceous and woody plants. Replacement pines 
were planted the following winter, Approximately 80 percent of the ground 
in the plots was bare during the 1982 growing season and about 20 percent 
remained bare ground after 8 years. 

After five growing seasons, survival for all treatments exceeded that 
for the check (no site preparation), The survival data demonstrate two 
obvious trends : 

1,  Initial survival increases gradually and progressively with increasing 
level of site preparation; 

2, Mortality of established seedlings is greater with the low intensity 
site-preparation treatments* 

The data also demonstrate that the most critical period for survival is 
the first growing season after plating. A t  2 years after plmting there 
was no change in survival rates except for the shear, chop, m d  herbicide 
treatment, This change reflected the replacement of pines killed by 



herbicide* Sipificmt changes in survival were noted after the third, 
fourth, and fifth growing seasons* The more intensive treatments resulted 
in the highest rates of survival for established seedlings. This may be 
due t o  reduction of competition by chopping, disking, and use of herbi- 
cides, and to a short-term increase in available nutrients. The tno treat- 
ments that ineluded disking yielded the hi&est rates of survival, This is 
wnsistent with resdts of a study at B.P, Grant Forest, Athens, Georgia, 
where site-preparation with shearing, rootraking, and disking resulted in 
rn average sf 90 percent survival  a t  age 4 (Dr. Barry Shiver, personal 
esmunicatioa), It appears that a s k i n g  improves chances far  pine survival 
by increasing the depth of the ranting zone and the production of more 
adventitous roots. Diskkng also has been shown to decrease the bulk 
density of the soil, thereby increasing soil porosity a d  the potential 
water availability to the seedlings. This is important because increased 
water availability also increases availability of nutrients to the 
seedlings m d  may result in better growth. 

Table 1 b b l s l l y  pine s u m i v d  for 2, 2, 3 ,  4 ,  5, a d  8 years after 
% d t h  SIX site-premation t r a t  

Survival after: 
Treatment 1 Y r  2 Y r  3 Yr 4 Yr 5 Y r  8 Yr 

..................... (percent) ........................ 

1 92 a-2 a 89 c 87 b 84 c 77 c 
2 94 a 92 a 91 bc 89 b 88 be 80 bc 
3 93 a 92 ;a 92 bc 91 ab "3 aabc 87 abc 
4 64 a7 95 a 95 ab 94 ab 94 ab 92 ab 
5 98 a 98 a 98 a 98 a 97 a 96 a 
6 98 a 98 a 97 ab 97 a 97 a 93 ab 

" 1 Clearcut only 
2 -. Chainsaw 
3 - Shear a d  chop 
4 = Shear, chop and herbicide 
5 = Shear, windrow, burn, and d i sk  
6 - Shear, windrow, burn, disk, krtibize, and apply herbicide 
Vithin growing season, mems foblowed by the same letter are not 

s i f l i f i cmt ly  different (I? = 8.05). 

After eight growing seasons, survival for all treatments still exceed 
that Lor the  cheek, which had declined to  77 percent. Percent surtPival 
continued to increase gradually with increasing intensity of site prepar- 
ation- For the first time during the study, one treatment was sipifi- 
cmtly better than the others in terms of survival, Survival for treatment 



5 with shear, windrow, burn and disk declined only 1 percent between years 
5 and 8, while survival for treatment 6, which included fertilizer and her- 
bicide declined 4 percent (to 93 percent) during the period* The small de- 
cline in the treatment-6 plots is thought to be due to the death of smaller 
trees during the extreme drought of 1986, although this cannot be substan- 
tiated. This is probably a case of statistical significance rather than 
practical significance because both treatments still show excellent levels 
of survival for eight growing seasons. 

After the second and third growing seasons, seedling height and height 
growth differed sigrnificantly among treatmerlts (Table 2), with the excep- 
tion of treatment 4 .  All site-preparation treatments resulted in increased 
total seedling height and height growth. Greatest total height arid height 
growth occurred in treatment 6, which included herbicide application that 
provided essentially 100 percent herbaceous weed control plus fertilizer 
and disking. 

Table 2. Effects of hei@t and hei@t far 1-5, 
and8 after es 

4 r 
Treatment Bt 'Growth 

1 = Clearcut only 
2 = Chainsaw 
3 = Shear and chop 
4 = Shear, chop, and apply herbicide 
5 = Shear, windrow, burn, and disk 
6 = Shear, windrow, burn, disk, fertilize, and apply herbicide 

Within growing season, means followed by the same letter are not significantly different ( P = 0.05). 

Greater average tree height was associated with increasing intensity of 
treatment through the eighth growing season, when heights for all treat- 
ments exceeded those for the check plots. Height of pines on the check 
plots increased, from 7.8 to 15.8 ft from age 5 to 8; while treatment 6, 
the best treatment in terms of total height and height growth, increased 
from 12.4 to 24.2 ft. In general, all treatments approximately doubled 
their heights between ages 5 and 8. It is interesting that treatment 3 
(shear and chop) showed a significant increase in height, from 10.2 to 21.4 
ft and is the third best treatment after 8 growing seasons. This treatment 
represents standard site preparation on many sites today. 





wr acre after five arnd ei&t & ~ o ~ w  s 
m a d  0P: f i f th  to enda of eigtrth g r o ~  

Growth 

" = Clearcut only 
2 = Chainsm 
3 = Shear and chop 
4 = Shear, chop, a d  apply herbicide 
5 = Shear, windrow, burn, and disk 
6 = Shear, windrow, burn, disk, fertilize, and apply herbicide 

Within growing season, means followed by the s m e  letter are not sig- 
nificmtly different ( P  = 0.05). 

Treatment 6 had 22 percent more volume than treatment 5, which indi- 
cates that additional treatment with fertilization and weed control were 
still providing additional growth. The most intensive treatment, treatment 
6, yielded almost 3 - 8  times as much volme as the check after eight growing 
seasons * 

Early growth sf the young pines was moderately impacted by the Nantuc- 
ket pine tipmoth (Bhyacisnia frustrana Comstock). At the end of the first 
growing season, 5 percent o f  the seedlings showed damage by this pest (Ed- 
wards 1990)* There was no definite pattern of infestation by treatment, 
and the range began at 2 percent of shear, chop, and herbicide (treatment 
4) seedlings which showed the lowest incidence and was the only treatment 
below that of the 5 percent infestation of the check (treatment 1). How- 
ever, this treatment was the one which had the highest rate of mortality 
due to h e r b i c i d e  action. The treatment with the highest incidence of in- 
festation at the end of the first growing season was shear, windrow, burn 
m d  disk with 8 percent, At the end of the second growing season the in- 
cidence sf occurrence increased to 17 percent of all t h e  seedlings, with 
the lowest being the chainsaw' treatment* It was the only treatment with 
less infestation than the control* All other treatments equalled or sur- 
passed that sf the control with the shear, windrow, burn and disk treatment 
showing highest rate of infestation again. At the end of the third growing 
season, the seedlings had progressed to the sapling stage and little or no 
dmage was observed. 
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HERBICIDE, FERTILIZER, AND SHADE INFLUENCE 
LOBLOLLY PINE GROWTH AND SURVIVAL 

ON HARSH T E U S  SITES 

Michael G. Messina 

Abstract. A study was initiated on deep sandy soils (Tohwa 
series) in northeast Texas to determine influences of herbicide, 
fertilizer, and artificial shade on the growth and survival of lob- 
lolly pine (Pinus -- taeda L. ) seedlings. A 2x2~2 factorial was es- 
tablished. Thirty-tree plots were hand-planted with 1-0 drought- 
hardy seedlings which were individually fertilized with a blended 
fertilizer, Herbaceous competition was controlled with glypho- 
sate and artificial shade was supplied with tree shades. All three 
treatments sicif icantly (P < 0.05) af fected survival and accounted 
for 85 percent of the variation in survival. Herbicide and shade 
effects were positive but fertilizer effects were negative. The 
overall mem survival was very low at 27 percent. The mean percent 
survival for each treatment was: shade 40 percent, herbicide 35 
percent, and fertilizer 21 percent. The best survival was afforded 
by a combined herbicide/shade treatment without fertilizer (56 
persen t ) . Although shade afforded the best survival advantage, 
treatment in£ luenced biomass product ion in the following order: 
herbicide > fertilizer = shade. Shootlroot ratios were produced 
as: fertilizer 9 shade 9 herbicide; and leaf areas as herbicide > 
shade > fertilizer. 

Several areas totaling about 23 
thousand acres within the Piney 
Woods region of northeast Texas con- 
tain very droughty, deep sandy soils 
(Typic Quar tzips ents; Tonkawa 
series) characterized by low fertil- 
ity, high acidity, and high permea- 
bility. In some areas, these soils 
cover more than 2 thousand acres. 
Tohwa soils were formed in sandy 
deposits and are usually on upland 
sites with slopes ranging from 0 to 
20 percent. The soil is a fine sand 
to a depth of $0 inches or more. 

Paper presented at Sixth Biennial 
Southern Silvieulbtural Research Con- 
ference, Memphis, W, Qct . 30 -PJov. 
1, 1990. 

ZAssis tarat Professor, h p t ,  Forest 
Science, Texas A&M University , Col- 
lege Station* 

Typical site index for Eoblolly pine 
is 55 feet (50-year base), Under 
natural conditions, the dominant 
species is sandjack (bluejack) oak 
(~uercus incana Bart. ) with some 
shortleaf pine (Pinus echinata 
Mill.) and iongleaf' pine (P. - - palus- 
tris Mill.) intermixed (Dolezel 

From 1973 to 1995, about 5 thou- 
sand acres of this region were 
clearcut and burned for pine plan- 
tation establishment (Kroll et al. 
1985). Such intense site prep- 
aration created an essentially bare 
sand surface subject to environmen- 
tal extremes that produced a very 
harsh site for seedling development. 
At least three pine species and sev- 
eral planting methods have been 
tested since then with very limited 
success. Much of the clear-cut acre- 
age remains without regeneration. 



A study was installed in February 1987 to determine the relative 
influences of specific management practices and environment on the growth 
and survival of plated lobf_o%ly pine seedlings on the Tonkawa seriesa 

A study site was located approximately 6 mi west of Garrison, Nacog- 
doches County, Texas, A 2 x 2 ~ 2  factorial design of herbicide, fertilizes, 
and artificial shade replicated eight times was established (i.e., eight 
treatments in eight reps, or 64 plots). Plots 24x80 ft in size and con- 
taining 30 trees each were hand-plated on Februarry 14, 1987, at an 8x8- 
ft spacing with 1-0 bare-root loblolly pine. The seedlings were purchased 
from the Texas Forest Service's (TFS) Indian Mounds Nursery near Alto, and 
were developed from a TPS tree improvement progrann for drought-hardiness . 
The seedlings were dipped in ~erra-~orb~~ and deep planted with half of the 
shoot buried to limit transpirational water loss. Terra-Sorb is a gelatin- 
ized, starch-hydrolyzed copolymer mixed with water to form a substance for 
increasing moisture holding capacity. 

Seedlings were individually fertilized about 3 weeks after planting 
with 3.5 oz of a 12-24-12 blended fertilizer placed in a spade slit ap- 
proximately 6 inches fram the seedling. This method was used to limit 
fertilizer loss through possible volatilization and to discourage competing 
vegetation. Herbaceous competition was controlled with gLyphosate herbi- 
cide initially broadcast over entire plots at a rate of 24 oz/ac using 
backpack sprayers In March 1987. Thereafter, glyphosate was applied at the 
same rate to 6-ft dheter circles around each seedling in July 1987 and in 
May 1988. Artificial shade was suppligd with polyolefin tree shades (In- 
ternationd Reforestation Suppliers, Eugene, Oregon) on wire wickets placed 
against the seedlirags on their south-southwest side. The tree shades 
measured approximately 8-inches wide x 12-inches tall and were oriented 
perpendicular to the direction of the sun during the midday period. The 
shades provided approximately 80 percent shade, 

Extensive animal predation (likely rabbits) in some plots occurred soon 
a£ ter planting vhen the seedlings were the only green vegetation on the 
plots. This necessitated a replanting of the affected plots on March 6, 
1987. All seedlings were treated at that time with an 
animal repellant w%lich retaded predation until the herbaceous vegetation 
greened sufficiently to lessen pressure on the seedlings. Woody vegetation 
(mostly sandjack oak) was also treated oqnMarch 6 on an individual plant 
basis with triclopyr herbicide (Garlon 4 ) to eliminate the shading and 
water dompetition effects of sprout clumps. 

Survival was measured monthly through most of the 1987 (March-Septem- 
ber) and 1988 (Mw-October) growing seasons. It was presumed that  most 
seedling mortality would occur dur ing  the more stressful warmer months so 
survival assessment was suspended dur ing  the cooler months. After the 
close of the 1987 growing season (November 14) all seedlings in the study 
were measured for total height and root collar diameter (RCE)). Also on 
this date, replications 1, 3, 5, and 7 were sacrificed by destructively 



sampling three trees per plot for dry weight determination (stem, root and 
foliage) and leaf area. No further measurements or assessments were con- 
ducted in these replications. Measurement of seedling height and R O  after 
the 1988 growing season occurred on December 22 on the remaining replica- 
tions (2, 4, 6, and 8) when again three seedlings per plot were destruc- 
tively sampled for the same determinations as in 1987. The field portion 
of the study was then terminated. 

Laboratory analyses concerned dry weights of root, stem, and foliage 
portions as well as total seedling leaf area using the methods of Johnson 
(1984) for total surface leaf area. Seedling foliage nutrient concentra- 
tions on the destructively sampled seedlings were assessed both years for 
total nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnes- 
ium (Mg). Nitrogen and P were determined using an Autobalyzer, and K, Ca, 
and Mg were determined with atomic absorption spectrophotometry. 

All mention of statistical significance in the following discussion is 
at the a = 0.05 level unless otherwise stated. 

Results h d  D~SCWS~OIII  
Survival 

A 1 P  three treatments (herbicide, fertilization, a d  shade) significant- 
ly (P < 0.01) affected two-year (actually 20 months) survival and accounted 
for 85 percent of the variation in survival. Most of the mortality occur- 
red during the first growing season (Fig. 1). Survival decreased at a de- 
creasing rate and became fairly constant by the end o f  the second growing 
season. Mean survival two years after planting was 27 percent, half of the 
first year's mean survival of 54 percent (7 months after planting). Figure 
1 illustrates a change in ranking of some treatments as time progressed. 

For exmple, ;m initially pro- 
mising treatment like shade- - 
only suffered subs tan t ial 

T r e a t m e n t s  with shade 
.... Treatments without shade ality during the second 

ere The other treatments 
e ly  maintained their rel- 

ative raslleings between years. 

Fiwre 2 shows 2-year sur- 
vival data by treatment. The 
only treatments that rendered 
better thm average survival 

HF contained shade as a compo- 
nent* The mean 2-year sur- 

o 1 2  3 4  5 6  7 151617181920 v iva l  for  each main treatment 
Months Af ter  Plant ing effect was (Table I): shade 40 

percent, herbicide 35 percent, 
a d .  fertilizer 21 percent, 
with the best single-treatment 
survival afforded by a combin- 
ed herbicidelshade/no-fertili- 
zer treatment (56 percent). 



The higher survival provided 
loo by shade treatments indicates 
so (vertical bars shows stondord error) that beat stress was a likely 

,, 80 cause of mortality in this 
x - '01 study. 
- 60 

so Fertilizer had a pronounc- . - 
> 40 ed negative effect on survival 
L 
2 30 regardless of whether applied 
0 20 alone or in combination with 

t o  other treatments (Fig. 1 and 
a 2; Table I), Pertilizerlshade 

C H F W F  S HS FS HFS was the only treatment con- 
Treatment taining shade that yielded 

less than average survival. 
It was likely that the very 

Figure 2. Loblolly pine seedling survi- droughty soil conditions 
v d  2 s after planting on the Ton- caused the fertilizer to be 
kawa sands as affected by treatment. too concentrated near the root 

zone of the seedlings thereby 
promoting mortality. 

Table I. Treat t main effects on loblolly pine s u m i v d  and bi  
after 2 s on the Tonkawa sands 

Treatment Survival Height RCC Dry weight Leaf area 

Herbicide with 35 a1 56 a 1.4 a 91.0 a 6955 a 
without 2 0 b  49 b 0.9 b 31.5 b 2315 b 

Fertilizer with 21 a 53 a 1.2 a 61.2 a 4469 a 
without 33 b 53 a 1 . 2 a  6 5 . 1 ~ 1  5070 a 

Shade with 40 a 53 a 1.1 a 54.2 CI 4363 a 
without 15 b 50 a 1.2 a 73.6 a. 5276 a 

For a given treatment, means followed by the same letter are not sig- 
nificmtly different at the P = 0.05 level. 

Growth and Biomass Production 
Although shade afforded the best survival, those treatments that in- 

cluded herbicide application showed the greatest total dry weights after 
2 years (Fig. 3). This was likely due to an increase in soil water avail- 
ability after the herbaceous competition reduction. Herbicide application 



had the greatest influence on 
seedling dry weight accumula- 
tion with herbicide treatments 
(91.0 g) weighing nearly three 
times as much as non-herbicide 
treatments (31,5 g) (Table 1). 
Fertilizer and shade treat- 
ments produced seedlings with 
considerably lower dry weights 
and both actually had depres- 

c H F H F  s xs FS HFS sive effects on total dry 

Treatment weight accwnulation, Fertili- 
zed seedlings accumulated 61.2 
g of dry weight after 2 years, 
whereas non-fertilized trees 

Figure 3. Lablolly pine seedling dry accumulated 65.1 g. Dry 
wei@t 2 years after planting on the weights of shaded trees were 
To sands as affected by treat 54.2 g; non-shaded seedlings 

weighed 73.6 g. However, her- 
bicide was the only treatment 

that significantly affected dry weight production. The growth depression 
caused by fertilizer was likely due to the high root zone concentrations 
mentioned earlier. Shade decreased growth perhaps because loblolly is an 
intolerant species and makes its best growth in full sunlight (Wahlenberg 
1960). 

Shoot/root ratios (shoot = stem + foliage) after two years averaged 
3.24 and varied little across treatments. The lowest ratio was provided by 
the herbicidelfertilizerIno-shade treatment (2.78); the highest by the fer- 
tilizer-only treatment (3.97). Herbicide had the greatest main treatment 
effect on shoot/root ratio (3.03 with, 3.45 without) with shade (3.19 with, 
3.29 without) and fertilizer (3.24 both with and without) having little or 
no effect. 

Root collar diameter after 2 years was affected by treatment to a 
greater extent than was total seedling height (Fig. 4a and 4b, respective- 
ly). Herbicide was the only treatment to significantly affect seedling 
height (Table 1). Two-year heights varied, from a low of 43 cm in the fer- 
tilizer-only treatment to a high of 59 cm in the herbicide/shade/no-ferti- 
lizer treatment, with average height being 51 cm. Average RCD was 1.1 cm 
and varied from 0.7 cm in the shade-only treatment to 1.4 cm in the herbi- 
cide-only treatment. Figure 4a clearly shows the dominant, significant 
influence of herbicide on RCD. 

The relatively small seedling dimensions reflect the poor site quality. 
The data also show the importance of competition reduction to early seed- 
ling growth on extremely droughty sites such as this. The plots that 
received herbicide produced significantly greater seedling dry weights, 
heights and KD's after 2 years. 

Leaf Area 
The leaf areas measured after 2 years were considerably lower than 



2.0 (vertical bars are standard error) 
1.8 a 

Trea tment  
"only one fertilizer-oniy plot had live trees after two years. 

Pi 4. Loblolly pine seedling root 
eo ter (a) and height (b) 2 
years after planting on Tonkawa 
sands as affected by treat 

12 (varticol bars ahow standard error) 
1 1  

10 
9 T 

c I4 F HF S HS FS HFS 

T r e a h e e t  

5. Loblolly pine seedling leaf 
s after planting 

ava sands as affected by tr 

those reported for 2-year-old 
loblolly pines elsewhere (Fig. 
5) (Zutter et al. 1986). As 
with the aforementioned bio- 
mass and growth results, this 
reflects the low quality of 
this site. In addition, 
of the leaves were suffe 
from various forms of herbiv- 
ory, including town ant (Atta - 
texma Buck. ) damage which is 

prevalent on this type 
of site (Moser 1984). 

The per-tree leaf area av- 
eraged 4730 emZ over all 
treatments, but ranged widely 
from 1637 cm2 in the shade- 
only treatment to 8120 cm2 in 
the herbicide/shade/no-fer- 
tilizer treatment. Herbicide 
produced the largest variation 
in leaf area with herbicide 
treatment seedlings having the 
greatest mean leaf area and 
non-herbicide treatments hav- 
ing the lowest mean leaf area, 
with the difference being 
threefold (Table 1). Also, 
herbic ide  was the only treat- 
ment that significantly 
affected leaf area (Fig. 5; 
Table I),  As with total seed- 
ling dry weight, fertilizer 
and shade negatively affected 
leaf area product ion, albei t 
not sigraificantly. 

Nutrition 
Only f oliar M concentra- 

tions will be discussed here 
due to the limited scope of 
this paper. The data on I?, K, 
Ca, and f4g concentrations in 
foliage, stem a d  root tissue 
for both the  19W and 1988 
collections will be supplied 
by the author upon request . 

Foliar N concentrations 
were not altered greatly by 
treatment (Table 2 ) a  



Concentrations were significantly lower in 1987 (1 year after treatment) 
than in 1988 (2 years after treatmpnt). Herbicided 'kreatments had sig- 
nificantly higher foliar N concentrations than non-herbicided treatments. 
Herbicide was the only treatment to sieificantly alter foliar N concen- 
trations (Table 2 ) .  The significant response of foliar tissue concentra- 
tion to herbicide treatment was Likely due to the more favorable soil water 
conditions in this treatment while the lack of any response to fertilizer 
may have resulted from the deleterious effects of fertilization which also 
lead to lower survival and growth, 

Table 2. Poliar nitrogen concgntrations by =in effect: 1 md 2 
t (nmkrs in patheses are stmdmd errors) 

Treatment 

- - - - -  percent dry weight - - - - - 

Herbicide with 1,38 (0.192) a1 1.44 (0.098)a 
without 1.24 (01152) b 1.38 (0.147) b 

Fertilizer with 1.26 (0.965) a 1.40 (0.134) a 
wi tkout 1.37 (0.195) a 1*42 (0.122) a 

Shade with 1.28 (0.214) a 1.42 (0.091) a 
without 1.34 (0.154) a 1.40 (0.159) a 

For a given treatment, means followed by the sme letter are not sig- 
nificantly different at the P = 0.05 level. 

The importance of soil water status on forest regeneration is obvious, 
and drought has long been recomized as a controlling factor in success of 
forest regeneration. However, surface temperature can also be a signifi- 
cant factor regulating seedling survival. The microclimate of an exposed 
soil surface such as the one in this study may be extremely harsh for seed- 
ling growth and survival. While much of the absorbed radiation in a forest 
is lost in evapotranspiration, more radiation in new clearcuts is used for 
raising soil and air temperatures. Seedling mortality due to high surface 
temperatures was likely in this study. Although seedling height and RCD 
growth, dry weight production, and leaf area were maximized and affected 
most by herbicide application, artificial shade had the greatest positive 
effect on survival. This suggests that a moderate degree of overhead shade 
would increase seedling survival on similar sites. Understory environments 
beneath forest canopies are much less harsh than elearcut environments be- 
cause much of the total site net radiation is dissipated in the overstory 
caraopy (Nolbo and Childs 1987). 



The substantial positive effects of herbicide on seedling growth indi- 
cate the value of competition reduction to early seedling performance, par- 
ticularly on droughty sites such as this. Although herbaceous biomass was 
not quantified, observation revealed a relatively light cover due to the 
poor site quality. Even so, elimination of this competition resulted in 
substantial and significant seedling response in both survival and growth. 
In addition, combining competition control with shade produced the greatest 
positive effects on survival* 

The significaclt negative effects of fertilization on survival demons- 
trate the consequence of high fertilizer concentrations too near the seed- 
ling rhizosphere. This was the likely cause of the lower survival in 
fertilized treatments and the nonexistent or negative effects on growth and 
foliar nutrient concentrations. 

The author gratef ully acknowledges the assistance of the Temple-Inland 
Corporation, Diboll, Texas, who made land available for this research. 
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TOLERANCE OF LOBLOLW PINE SEEBtiiNGS TO GLYPHOSATE ' 

James D. Naywsod and Themas W e  MeLder 

Abstract. Broadcasting glyphosate herbicide over loblol ly pine (Pi- 
nus taeda L. ) may provide enough early-season weed control to alE -- 
seedlings to establish themselves more rapidly, but glyphosate can* 
injure young trees. To examine the question of seedling injury, 
four rates of glyphosate were broadcast evenly over planted loblol- 
ly pine seedlings, competing vegetation, and plot surface. The 
rates were 0.42, 0.84, 1.26, and 1.68 kg a$id equivalent per hec- 
tare (1 pt, 1 qt, 1.5 qt, and 2 qt  Roundup herbic ide  per acre). 
Treatments were made on six separate dates, from April 23 through 
October 14, of the first growing season. Although glyphosate ef- 
fectively controlled competing vegetation, all treatments injured 
the pine seedlings and reduced height growth, and mmy treatments 
increased pine mortality. 

Controlling herbaceous competi- 
tors in young loblolly pine planta- 
tions can increase seedling survi- 
val, pine diameter, and height 
growth (Nelson et al,, 1981; Creigh- 
ton et al., 1987; Haywood and Tiarks 
1990). Weed control may be espec- 
ially important when converting pas- 
ture to pine stands (Haywood 1988; 
Yeiser et ale, 1987). The applica- 
tion of herbicides is often the best 
method of controlling weeds on for- 
est sites. However, forest managers 
still lack sufficient information 
about which herbicide to use and the 
best dates and rates of application. 

"wer presented at Sixth BiemiaP 
Southern Silvicultural Research Con- 
ference, Memphis, 'IN, Oct. 30-Nov- 
1, 19900 

Silviculturist and Forestry Tech- 
nician (retired), Southern Forest 
Exp. Sta., Pineville, LA. 

Glyphosate herbicide, N-(phos- 
phonomethyl)glycine, is labeled for 
forestm and is also widely used in 
agriculture a d  landscaping and on 
i n d u s t r i a l  sites* Glyphoxate is us- 
ual ly  applied in the f a l l  as a re- 
lease treatment in pine plmtatisnse 
Because the year's growing season is 
almost over, i t s  imediate benefit 
as a weed control agent is minimal* 
Because glyphosate is not s o i l  ac- 
tive, it provides no residual weed 
control the next spring (Hawood 
1988). Applying ghyphssate earlier 
in the growing season is a better 
weed control strateggr, but how much 
seedling injury m y  result? 

To exmine the question of 
seedling injury, four rates o f  g8y- 
phosa%e, 0.42, 0.84, 1,26, a d  1.68 
kg acid equivalent per hectare (k 
ae/ha) T&l p t ,  1, 1.5, and 2 q t  
Rowrdup herbicide/ac), were broad- 
cast evenly aver p l a t e d  l o b l s l l y  
pine seedlings m d  competing vege- 
tation, Treatments were made on six 
dates, from April 23 through October 
14 o f  the first growing season, For 



comparison purposes, the labeled rates of glyphosate range from 0*42 to 
0.63 leg aefha when in tank mixture with sulfometuron methyl for herbaceous 
weed control and from 1.26 to 1.68 kg ae/ha when applied alone for loblolly 
pine release in the fall. 

Methods 
Study Establishent 

The study was duplicated on two sites. Site one was a Beauregard silt 
loam (~lintga~uic, Paleudult , fine-silty, siliceous, thermic) at -the J . K .  
Johnson Tract, Palustris Experimental Forest, Sec. 4, T2N, R3W, Rapides 
Parish, Louisiana* Site two was a Kolin silt loam (6lossaquic Paleodalf, 
fine-silty, siliceous, thermic) on the Kisatchie National Forest, Evange- 
line Ranger District, Compartment 45, Sec. 31, TZN, R2W, Rapides Parish, 
Louisiana. Both were gently sloping (1-3 percent), moderately well-drained 
upland sites, but the sites had different cover conditions because of their 
different management histories. 

Site one supported a stmd of slash pine (Pinus elliotii Engelm. var, 
elliotii). This stand was clearcut i n  1973, and the residual trees and 
logging debris were single chopped with a rolling drum chopper. The vege- 
tation was unrestrained except for periodic controlled burns to reduce fire 
hazards. Because of burning, vegetation at site one was primarily a heavy 
rough of blues tem and panicum (hdropogon spp. and panic& spp. )- grasses; 
broadleaf weeds (Rubus spp.), and scattered sprouts of several typical 
hardwood species (Myrica cerifera L., Rhus copallina L., and Liquidambar - 
styraciflua L.) at the time of establishment* 

Site two was grazed by cattle and supported a stand of loblolly pine 
(Pinus taeda L. ). This stmd was clearcut in 1980, and the residual trees -- 
and logging debris were single chopped with a rolling drum chopper and con- 
trol burned that fall. Grazing continued, and the vegetation was primarily 
a low cover of common carpet grass (Axonopus affinis chase), other-grasses; 
broadleaf weeds, and scattered sprouts of several typical hardwood species . - 

at the time of establishment, 

In January 2982, at both sites, 2-m2 plots were established in a ran- 
domized complete block design with seven blocks. Each block had 30 plots. 
Plot centers were located on a 3- by 3-m spacing. On each plct, two 1-0 
bareroot loblolly pine seedlings were planted about 30-cm apart in the ten- 
ter of the plot. Blocks were established because of site variation and to 
simplify treatment installation and measurement, 

Treatments 
Glyphosate in a water solution of 235 Lfha (25 galfac) was broadcast 

evenly over the pine seedlings, competing vegetation, and plot surface. 
Glyphosate was applied with a hand-pump sprayer. A plastic-lined cylinder 
was used to delineate t h e  plot perimeter and to prevent drift. A t  both 
sites, four concentrations o f  glyphosate (0.42, 0.84, 1.26, and 1.68 kg 
ae/ha) were applied on each of the following dates for comparison to un- 
treated checks: 



April 23, 1982. Continual rains delayed treatment until this date, and 
the soil was very wet. The sky was overcast with high clouds, but it did 
not rain. Winds were 8-24 km per hour (kmph) (5-15 mph). The daytime high 
temperature was 7OC (45OF). Treatments were finished by 11 a.m. 

May 19, 1982. Pines were in active height growth. The sky was partly 
cloudy. Winds were 0-8 kmph (0-5 mph). Temperatures ranged from 18OC 
(65OF) to an af ternoon high of 27OC (80°F). Treatments were finished by 
11:45 a.m. 

June 15, 1982. The sky was clear to partly cloudy. Winds were 8-24 kmph 
(5-15 mph) at site one and 0-8 kmph (0-5 mph) at site two. Temperatures 
ranged from 22OC (72OF) to an afternoon high of 34% (940F). Treatments 
were finished by 11:45 a.m. 

July 15, 1982. The sky was clear to partly cloudy. Winds were 0-2 kmph 
(0-1 mph). Temperatures ranged from 24OC (75OF) to an afeernoon high of 
35OC (95OF). Treatments were finished by 12:20 p.m. 

August 30, 1982. The sky was clear-but-hazy to partly cloudy. Winds 
were 0-2 kmph (0-1 mph). Temperatures ranged from 2gaC (85OF) to an af- 
ternoon high of 36OC (97OF). Treatments were finished by 11:15 a.m. 

October 14, 1982. The sky was clear. Winds were 0-2 kmph (0-1 mph), 
There was a heavy dew at site two during treatment, but no dew remained by 
the time site one was treated. Temperatures ranged from 16OC (60°F) to an 
afternoon high of 24OC (75OF). Treatments were finished by 11:30 a.m. 

Measurements And Data Analysis 
Before glyphosate was applied, the pine seedlings were examined to de- 

termine if the seedlings were in an active growth stage. In June 1983, 
seedling heights were taken to the nearest 2.5 cm, and the pines were rated 
as follows: (1) no evident injury; (2) some injury (0-25 percent); (3) 
moderate injury (26-50 percent), and; (4) severe injury (more than 50 
percent). Of the original 210 plots per site, 157 plots remained at site 
one and 148 plots remained at site two. These plots eventually were lost 
because all the pines died a£ ter treatment with glyphosate. 

For each site, regression analysis was used to determine the relation- 
ship among seedling survival, height, or injury rating and rate of glypho- 
sate and date of treatment. A polynomial model with a periodic term best 
described these relationships within the range of observations (Bliss 
1970). The general form of the function follows: 

Y= b, + b, (Ra) + b,(RaZ) + b,(D) + b,(I) + b, {sin[trans(D)]) + error, 

where 
Y = seedling survival, height, or injury rating, 
Ra = glyphosate rate, 
D = Julian date, 
I = rate x date interaction, and 

sin[trans(D)] = a periodic sine curve relationship where date is first 
transformed by trans(D) = 2n/365*date. 





T&le 1. bb1oUy pine 4, height, and injury rating 17 m o n t h  after pkinting. 

Dates of Site one Site two 
b r a t l r r p ? n t  ted 

1982 

----- ----- Survival (percent) ----- 
April 23 100 71 64 21 36 59 93 71 57 64 21 
Hay 19 100 43 14 7 14 36 86 43 29 14 0 
Jwe 15 100 71 93 57 71 79 64 71 64 64 64 
July  15 93 7 1  29 21 0 43 64 57 36 29 7 

r 30 93 57 EiO 43 14 51 64 43 71 21 14 
O e t o k r  14 93 100 306 93 86 91 86 50 64 64 43 
rdeighted meam 96 69 56 40 37 76 56 54 43 25 

April  23 61 39 30 39 35 42 51 30 27 33 42 
Nay 19 55 34 20 30 24 40 47 31 21 34 .. 
Jwe 15 65 44 42 39 39 46 36 42 37 31 36 
July 15 46 33 34 25 . . I  6 55 35 41 27 18 
A w s  t 30 62 37 25 30 32 39 56 29 40 26 22 
October 14 6-4 54 42 52 41 50 45 48 39 50 37 
Weighted wan 59 41 34 39 37 49 37 35 34 35 

---------------------- Injury rating ..................... 

April 23 1-0 3.0 3.4 2,5 3.3 2.6 1.0 2.8 2.8 2.5 2.7 
&y 19 1.0 3.0 4.0 3.0 4 - 0  2.4 1.1 2.5 3.0 3.0 .. 
June 15 1.0 2.5 2.4 2.9 2.9 2.3 1.2 1.9 2.6 2.5 2.9 
July 15 1.0 3.4 3.7 4.0 ... 2.7 1.1 2.9 2.4 3.3 4.0 
AIWS t 30 1.0 3.3 4.0 3.8 4.0 3.0 1.0 3.4 2.9 3.3 4.0 
October 14 1-0 1.8 2.8 2.4 3.0 2.2 1.1 2.1 2.3 2.2 2.5 

Weighted m e a n  1.0 2.8 3.2 3-1 3.2 1.1 2.5 2 .6 ,  2.7 3.0 

"ere values are missing, all sedlings died after treatment on all of the blocks. 

was nearly completed by fall so less effect was possible (Table 1 and Fig. 
21, Seedling height was most adversely affected by summer treatments. At 
site two, seedling height was also less after the spring treatments than 
after the fall treatment, The significant adverse effect associated with 
sumer applications of glyphosate at site one was not found at site two 
(Table 2 m d  Fig. 2). 

At sites one and two, seedling injury on the October 14 treatment date 
was less than in ju ry  on the other treatment dates, and seedling injury was 
greater on the s er treatment dates than on the other treatment dates 
(Tables I and 2, and Fig. 3). This finding supported the practice of ap- 
plying glyphosate in the fall especially at rates greater than 0.42 kg ae/ 
ha, 

Weed Csntrsl 
Glyphosate, regardless of rate, provided 95-percent or better control 

of the herbaceous plant cover following treatment. High efficacy was ex- 
pected because i n  other unpublished work the herbaceous species present 
were shorn to be susceptible to glyphosate. 
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e 1. Predicted s Figure 2. PreBietd bei&Hat of lab 
loblolly pine seedllings from April lolly pine seedliws from April 15 
15 to October 15 (Julian, dates 105 to Octokr 15 (JuLian dates 105 to 
to 2W) by rates of glyphosate at 288) by rates of glwhosate at site 
site one (top) and site two (kt- one (top) and site two (bttom). 
tom). Abltrreviatiom in equations Abbreviatio~ in the eguations m e  
are provided in the text, above. providd in the text, abve. 

0 j ate o r  . . . . . . . . . . . . .  
105 135 185 195 225 255 285 G t y ~ h o r r a t s  

Juilan D o t a s  of Appllcat lcn at S l t r  O n e  
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21 41- 
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I ie 1.68 
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e 3* Predicted injury ratings 
of loblolly pine seedlings from Ap- 
ril 15 to October 15 (Julia dates 
105 to 288) by rates sf glyphosate 
at site one (top) and site two 
(btltom). me 0-84 aelb res- 
powe am is hidden bqv the 1.68 
kg aelha respme curve- Abbrevia- 
tions in the equations are provided 
in the text, absve. 

The combined adverse effects of 
glyphosate on lobPolly pine survi- 
val, height, and vigor suggest that 
this herbicide should not be broad- 
cast over 1st-year seedlings at 
0.42 to 1,68 kg aelha, even though 
these rates corresponded to those 
recornended on the label. However, 
glyphosate is not labeled for ap- 
plication wntil conifer seedlings 
are established for more than 1 
year, when rates as high as 0.84 kg 
ae/ha are used. Therefore our study 
may have been too severe a test of 
this herbicide's capabilities. 

GPyphosate was a very effective 
weed control agent, even at the 
rate of 0=42 kg aelha* Perhaps 
treatments at rates lower than 
those on the label would not cause 
unacceptable injury to seedlings 
but still. provide sufficient weed 
control* Based on the survival and 



height data, we concluded that the overall best date of treatment was Octo- 
ber 14, although results were less than satisfactow. This conclusion csr- 
responds to the label directions for the rates of 1.26 and 1.68 kg ae/ha 
for loblolly pine release. 
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PREHARVEST SEEDBED PREPARATION OPTIONS TO ENHANCE 
LOBLOLLY PINE REGENERATION " 

Dale Wade, M. Boyd Edwards, and David R e  Weise 

Abstract. Pine establishment m d  vegetative competition recovery 
were observed after combinations of single prescribed burns and 
herbicide applications just prior to harvest of the pine in a mixed 
pine-hardwood stand. Four growing seasons ;after harvest, all 
treatments resulted in adequate stocking of free-to-grow seedlings* 
Pine distribution was very uneven on all unburned treatments. Spe- 
cies composition was not affected. Sweet was the dominant hard- 
wood species both before and after harvest. C o m a  associates were 
flowering dopood, red oaks, black cherry, arnd winged elm. Werba- 
ceous plants dominated the area for a few years after harvest. In- 
dications are that vines will again dominate the surface vegetation 
as they did prior to harvest. 

Privately-owed tracts smaller 
than 100 ac comprise about 70 per- 
cent of the South's commercial tim- 
berland. Many of these small non- 
industrial private forest (MPF) 
landowners lack the desire, or the 
capital resources necessary to es- 
tablish pine plantations. All too 
often these landowners harvest the 
highly salable pine component of 
their mixed pine-hardwood stands 
without regard for future species 
composition of the overstory. On 
the Piedmont Plateau, stands devel- 
oping after logging cannot be count- 
ed on to contain large numbers of 
high-value pine without additional 
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treatment* Residual low-value hard- 
woods capture the site at the ex- 
pense of the less shade-tolerant 
pine. An extensive literature base 
(e*g*, Morstim a d  CoiLe 1938; Chen 
et al., 1977; Glover and Dickens 
1985) describes the reduction in 
growth of pine reproduction due to 
hardwood competition for sunlight, 
moisture, and nutrients. 

We agree with Clason (1989) that 
implementation of a reforestation 
plan is the most crucial step in 
mmaging a timber stand. Many pre- 
and postharvest techniques are av- 
ailable for establishing pine. The 
level of treatment in tensi ty chosen 
should be dictated by specific on- 
site conditions, but in practice the 
cheapest alternative is often cho- 
sen. Prescribed fire is the tradit- 
ional '"ow tech'9reatment. How- 
ever, if a si~ificant hardwood 
midstsry is present, preharvest dor- 
mat-season fires by themselves are 
generally ineffective because they 
are not likely to topkill hardwoods 
over 3-4 inches in diameter. If 
natural regeneration is to be relied 
on to reestablish the pine compon- 





less than 4.5 f t tall that originated below gromdline on the sample area 
was tallied along a 300- by 2-ft (600 ft2) belt trmsect diagonally bisect- 
ing each plot. Vegetation over 4.5 ft tall was tallied along an overlying 
300- by 26-ft belt transeet encompassing 6,000 ftz of each plot. 

We found the study area to be floristically diverse. (Individual 
species are listed in Appendix 1.) Considerable variation was noted in 
understory amount and stature, a d  in the ratio of pine to hardwood in the 
overstory. We attribute much of this variation to a southern pine beetle 
outbreak in the early '80s. Most of the dead pines were on the ground in 
1986, 

Herbicide Application 
Herbicides were applied during the first week of Aumst or during mid- 

October. Hardwood st&&~ w g r  3 inches dbh were stem sprayed with i mix- 
ture of 10 percent Garlon 4 , 10 percent ~ide-~ick*~, and 80 percent die- 
sel fuel uiing a backpack sprayer. This type of application is commonly 
referred to as a "thin linew treatment. Hardwoods larger than 3.5 inches 
dbh were treated with a hypohatchet containing Tordon RTU~'. 

The m o m t  of Garlon 4 applied ranged from 0.25 to 2.2 and averaged 1.5 
pt/ac. The mount of Tordon RTU used ranged from 0.62 to 1.6 and averaged 
1.0 pt/ac. Total time to apply both herbicides ranged from 1.25 to 3.4 and 
averaged 2 ,s  hrlac. Use of minimum recomended herbicide concentrations in 
"thin linew applications, spacing greater than 1 inch between frills in the 
hypohatchet operation, poor translocation. because of severe drought (which 
lasted into 1989), andlor some stems being missed resulted in incomplete 
kill sf the hardwood midstory and overstory. The fall 1986 survey of her- 
bicide-only, late herbicide, and herbicide-burn plots showed 15 percent of 
the 648 hardwoods were defoliated while 44 percent showed no signs of her- 
bicide effect. A followup survey in September 1990 showed an average of 14 
(5 to 36 )  midstory hardwoods/ac were still alive on these plots. Over half 
of these survivors were sweet . The next most common survivor was flow- 
ering dogwood, which comprised 8 percent of the total. 

Prescribed Fires 
Dead fuels on the growd were collected on four Y4 milacre subplots in 

each of the nine treatment plots scheduled for burning, and separated into 
the following six categories: upper litter layer, buff, twigs less than Y4 

inch, twigs 5% to Y2 inch, brmches Y2 to 1 inch in diameter, and cones. 
Weight of dead fuels before burning averaged 3.5 and ranged from 2.6 to 4 ,4  
tonslac (SE 0.14 to 0.55). 

The plots were headfired over a 2-day period in September, Our origin- 
al intent was to burn 4 weeks after herbicide application, but desiccation 
of the broadleaved foliage did not occur as rapidly as anticipated, so we 
delayed burning until September 26 and 27, 1986. Linefires were ignited 
across the lower side of each plot so that they would burn upslope. Three 
of the plots were eventually ring-fired to ensure burnout before nightfall. 
Onsite mbient temperature was between 83 and 89'F and relative humidity 
between 49 m d  69 percent during the burns. Within-stand winds were 



generally light (0 to 1) a d  variabre. Moisture content of the upper lit- 
ter layer imediately prior to ignition ranged from 10 to 25 percent, The 
Keetch-Byram Drought Index stood at 457, suggesting that damage to tree 
feeder roots should be expected. The fires covered over 95 percent o f  all 
but two plots. Rate of spread averaged 1 to 2 ft/min and flame length 0.5 
to 1.0 ft. ByranaFs (frontal) fireline intensity, calculated using consump- 
tion data, vas very low raging from 10 to 15 Btulftlsec. 

Fuels were resmpled in the er described the week after the burns, 
Consmption of dead fuels rmged from 0.9 to 3.0 tonsPac. In the six fuel 
categories, consumption rmged between 23 and 61 percent and averaged 55 
percent. Two of the nine plots scheduled to receive a fire treatment were 
dropped from the study because of treatment application problems. One of 
the plots simply would not burn and the burn on the other was very patchy, 
covering less than 50 percent of the area* Few overstory pines remained on 
these two plots after the southern pine beetle outbreak of the early 1980s. 
As a result, pine litter was insufficient to carry fire under the existing 
weather conditions. 

Hardwood crow dmage from both the herbicide and fire treatments was 
also surveyed the week after the burn. The following week the same herbi- 
cide treatment used earlier w s  applied to the burn-herbicide and late her- 
bicide plots. Laming begm immediately after this herbicide application 
and was completed during November 1986. 

Cone Survey 
Few maturing cones were noted during the sumer of 1986, so we conduct- 

ed a binocular survey following the methodology suggested by Webb and Hunt 
(1965). Seed production was estimated to be nonexistent on 9 o f  the study 
plots. On the other 9 plots, it ranged from less than 1,000 to 17,500 
seeds/ac. Based on this survey, we decided to artificially seed the study 
area the following spring. 

Direct Seeding 
All plots were seeded with a mixture o f  80 percent treated and stratif- 

ied and 20 percent untreated m d  unstratified loblolly pine seed, Seeds 
were sown at a rate of I Ib/ac with a cyclone seeder on April 6, 1987. 
Within plots, seeds were disseminated by first walking the diagonal belt 
transect midline and then attempting to evenly spread half the remaining 
seeds on each side a f  this diizgonal. 

Response Variables 
Advance pine reproduction m d  germinants were flagged a d  followed over 

the next three growing seasons along reestablished 600 ft2 belt trmsects 
that diagonally biseeted each plot. Recruitment, survival arnd height were 
measured. The likelihood sf each seedling eventually becoming part of the 
overstory was judged using the Virginia Division of Forestry Free To Grow 
(UG) classification (Zutter e t  ale, 1984). In this scheme, a 1 denotes a 
better than 90 percent chance that a seedling or sapling .will capture a 
place in the overstory. A 4 denotes less thm a 10 percent chance of 
reaching the crown canopy. Treatment means were compared by analysis of 
variance (AbJOVA) at the 0.05 level of statistical significance. 



Hardwood recovery was monitored for the first 2 years af ter treatment 
along the s m e  transects used in the pine surveys. Importance Values (IV) 
were calculated based on the relative frequency, density, and dominance 
(basal area) of a species compared to those of all other species using 

(1973) as a guide. Herbaceous plants and shrubs were also measured 
for two growing seasons after treatment on eight 7.0-ft diameter subplots 
rmdomly located along each belt transect. 

Results And Discussion 
Vegetation Before Treatment 

Vegetation Taller Than 4.5 Feet: Twenty-f ive species groups were 
tallies in the pretreatment survey of vegetation taller than 4.3 f t .  Pine 
(predominantly loblolly with some shortleaf) basal area ranged from 52 to 
81 f t b d  comprised from 41 to 83 percent of the 92 ft2 total basal area/ 
as (Table 9). Sweet was the major hardwood midstory species on all but 
one treatment plot. Its basal area averaged 12 and ranged from 7 to 18 
ftvlac* Red oaks (primarily water and southern red) and hickory each had a 
basal area above 9 (13 and 10 f t 2, respectively) on one treatment plot. 
APB other species had basal areas averaging less than 5 ft2/ac. 

Pine occurred in 70 percent of the 400 subplots. Sweetgwn and flower- 
ing dspood occurred on 43 percent, red oaks on 20 percent, elm (primarily 
winged) s n  12 percent, and vines (muscadine grape on 40 percent, Japanese 
honeysuckle on 36 percent, greenbriars on 34 percent) on 74 percent of the 
subpkgdts 

All other species over 4.5 ft tall occurred on less than 10 percent of 
the subplots. Number of stents/ac over 4.5 ft tall averaged 2,742 and 
rmgeb from 2,422 to 3,121 on the six treatment areas. Pine averaged 852 
stems/ac arad dominated on all but one treatment plot where it was the sec- 
ond most numerous species behind sweetgum. Flowering dogwood, sweetgum, 
muscadine grape, honeysuckle, and greenbriars were the most common broad- 
leaved plats. Pine density exceeded 1,000 stems/ac on two treatments and 
500 stems/ac on five of the six treatments. Sweetgum numbers exceeded 5001' 
ac on the kerbicide-only treatment plots. 

Based on the characteristics evaluated, pine was the most important 
tree species group before treatment. Its importance value (IV) was at 
least triple that of any other arborescent species group (Table 1). Sweet- 

a d  flowering dogwood were the dominant broadleaved species on most 
p lo t s*  Red oaks, maple, hickory, cherry (primarily black), elm, Japanese 
honeysuckle, greenbriar, and muscadine grape were also important hardwood 
midstory species groups. 

Vegetation Shorter "ran 4.5 Feet: Before treatment an average of 
79,798 (69,822 to 97,381) platslac less than 4.5 ft tall were present. 
They were placed in 21 speeies groups* Vines were the most abundant spe- 
cies group, comprising 64 percent of this total. Herbaceous plants were 
the second most numerous species group on four of the six treatments aver- 
aging 7,780 stemslac* Flowering dogwood was the most abudant hardwood 
with 6,857 s%ems/ac. Stocking of small pines averaged 4,762 stems/ac, but 
few sf these overtopped seedlings would be expected to survive the rigors 



Table I. m c ~ i p t o r s  of tetajos p h t  swcies p u p s ,  14t36 pretrmt of 16 
plots . 

Species Basal area Stocking (ft) Importance Subplots 
> 4.5 < 4.5 value dominated by 

> 4.5 f t  < 4.5 ft 

Maple 
Hickory 
Flowering 
dogwood 

Persimon 
Nerbs 
Sweetgum 
Pine 
Black 
cherry 

Red oaks 
Winged elm 
Vines 

Mean, a l l  
spec ies  

.- percent ---- percent - 

of competition and m&e it into the crown canopy, Vines occurred in virtu- 
ally all of the 400 subplots, pine in 74 percent, herbs in 68 percent, 
flowering doflood in 61 percent, red oaks in 55 percent, and sweetgum in 51 
percent of the subplots. 

The results of these surveys confirm that vegetation was dense (over 
80,000 stems/ac). Pine occurred in 92 percent of all subplots, dominated 
the overstory, axid shared the midstory with sweet , flowering dogwood, 
and red oaks (Table 2 ) ,  .while vines were a major component of both the mid- 
story and wderstory. 

Vegetation after Treatment 
Advance Reproduction: Live and dead pine seedlings were tallied and 

flagged in June of 1987 along the 300- by 2-ft belt transect in each plot. 
Pines at least 2-year old but less than 4 ft tall were differentiated from 
new germinants. As expected, surviving advance regeneration was sparse on 
the seven burned plots, averaging 60 stems/ac. The six unburned plots 
treated with herbicide contained & average of 230 seedlings, and the- con- 
trols 218 seedlings/ac (Table 3 ) .  

In fall 1989, 642 seedlingsdac were still alive. Most were in the her- 
bicide-only and late herbicide treatment plots. Fifty-six percent of the 
survivors were in mG categories 1 and 2. An average of 24 seedlings/ac 
survived sn the three burn treatments, aLf in FTG category 1, 

Pines Established after Treatment: Spring 2987 germinants that survi- 
ved their first growing season averaged 1,276 stemslac (Table 4). This 
number ranged from 3151ae (sf which 193 were in FTG category 1) on the 



Table 2 ng, and iglportmce value of major arbomcent spies  groups, 
by t- 

Treatmmt* 
BH BO GN EIB HO Ui Mean IV 

........................ Stems/ac (Percent sto&ing) .......................... 

Pretreatment, 1986 
(04)# 298(12) 

Hickory 131(14) 160(12) 
Flowering 
dogwood 10,509(86) 8,465(78) 

Pers immon 36(02) 0 
Sweetgum 3,351(70) 1,150(48) 
Pine 5,503(94) 5,380(84) 
Black 
cherry 1,165(54) 1,006(42) 

Red oaks 3,460(76) 2,842(86) 
Winged elm 33(18) 80(28) 

Post treatment , Fall 1987 
0 994(75) 

Hickory 109(67) 563(67) 122(50) 
Flowering 
dogwood 762(100) 1,234(83) 1,102(88) 

Persimmon 254(100) 200(83) 54(25) 
Sweetgum 3,775(100) 3,158(100) 3,062(100) 
Pine 526(100) 599(100) 884(75) 
Black 
cherry 889(100) 653(83) 749(100) 

Red oaks 1,506(100) 1,307(100) 1,578(100) 
Winged elm 436(83) 436(67) 286(62) 

Post treatment, Fall 1988 
Maple 0 0 1,225(62) 73(11) 254(56) 
Hickory 54(33) 272(67) 150(38) 73(44) 24(22) 
Flowering 
dowood 399(10\0) 1,125(83) 708(88) 762(89) 1,222(100) 

Persimmon 0 36(33) 54(25) 36(33) 12(11) 
Sweetgtam 2,269(100)1,996(100)2,627(100)2,130(100)1,718(100) 
Pine 690(100) 1,143(100) 925(100) 1,234(100) 1,186(100) 
Black 
cherry 363(100) 345(83) 299(75) 97(56) 532(100) 

Red oaks 1,125(100) 926(100) 1,020(100) 726(89) 1,621(100) 
Winged elm 254(83) 381(50) 231(50) 36(33) 411(79) 

* Treatment abbreviations explained in the methods section. 

W Number of stems is first number with percent stocking in parenthesis. Stocking based on 
twenty-five 24 and 240 ft2 subplots/plot in 1986, and on three 400-ft2 subplots per plot in 
1987 and 1988. 

late-herbicide plots to 1,765/ac (532 were in FTG class 1) on the herbi- 
cide-burn plots. A year later, survival of these seedlings ranged from 32 
percent on the late-herbicide plots to 85 percent on the herbicide-burn 
plots (Table 5) + cans multiple rage test with aresine-transformed sur -  
vival data indicated that survival was simificantly better on berbicide- 
burn plots than survival on the herbicide-only and late-herbicide plots. 



Table 3. Advace pine regeneration on a In the 1989-4990 dormant 
per-acre basis by free to grow class and season survey, dead or missing 

pines were not tallied and new 
recruits were recorded as ex- 
isting pines, so percent sur- 

FTG class vival could not be determined. 
Treatment* 1 2 3 4 Total New germinarnts continued to 

show up on all but the late- 
herbicide plots* These re- 

Fall 1987 
BN 
BO 
CN 
f-IB 
HO 
LM 
Total 

Fall 1988 
BH 
BO 
CN 
HB 
HO 
LH 
Total 

Fall 1989 
BH 
BO 72 
CN 54 
HB 
HO 97 
LH 54 
Total 277 

crui t s  occGrred mainly along 
the uncut forest edge. By 
fall 1989, all pos tkarvest 
seedlings on the late-her- 
bicide plots had died (Table 
4 ) .  Excluding that treatment, 
the number of seedlings judged 
to have a good chance of be- 
coming overs tov cmogy trees 
(m6 classes 1 and 2) rmged 
from 1461ac on the control 
plots to 583/ac on the her- 
bicide-burn plots. Results 
after 3 years shov that all 
treatments-- except the late- 
herbicide and control-- pro- 
duced over 425 free-to-grow 
pineslac. Combining new re- 
crui t and advance regenerat ion 
data indicates a sufficient 

0 nuntber of pine seedlings were 
0 0 0 72 produced on all treatments to 
0 27 0 81 assure that this species will 

0 again dominate the overs tory 
48 48 97 290# of the developing stand. 
36 0 109 199 
84 75 206 642 Although no pine seedlings 

were tallied oc the late-her- 
bicide plot transects in 1989, 

* Treatment abbreviations explained in numerous seedlings were ob- 
the methods section. served elsewhere on these 

# Apparent increase in number of seed- plots. In September 1990, we 
lingslac is due to change in blow-up therefore evaluated pine re- 
factor because of loss of one treat- generation. on three 1Pl00-ae 
ment plot between 1988 and 1989 subplots established along the 
surveys. opposing diagonal of every 

plot (Table 4). Pine recruit- 
ment was still taking place s n  

all treatments. The maximum number of first-year germinants tallied was 
211/ac on the herbicide-burn treatment plots. A few pines judged to have 
been established prior to treatment were found on herbicide-only and con- 
trol plots. Excluding both advance reproduction and new germinants, this 
supplemental survey showed that pines likely to comprise the developing ov- 
erstory (FTG classes 1 and 2) were most numerous on the lab-herbicide 
treatment plots (950), and least nmerous on the herbicide-only treatment 
plots (233). 



Table 4. pine density andl heii&k by t r a t w t  and free to grow e3a.s~. 

nsity Height Density Height 

stemslac 
Fall 1987 
BH 363 
BO 690 
CN 218 
WB 532 
HO 49 
LH 193 
Mean 

Fall 1988 
BH 58 1 
BO 544 
CN 145 
HB 726 
HO 97 
LH 97 
Mean 

Fall 1989 
BH 472 
BO 326 
CN 85 
HB 559 
HO 290 
LH 0 
Mean 

Fall 1990 .# 
EH 
BO 
CN 
HB 
HO 
LH 
Mean 

stemslac f t  s temslac 

0 
2 18 
145 
24 

121 
0 

36 
218 
121 
49 

169 
24 

254 
472 
617 
678 
617 

0 

50 
150 
233 
600 
400 
300 

s temslac 

1,343 
1,706 
1,005 
1,765 
1,525 

315 
1,276 

1,016 
1,113 

931 
1,573 
1,065 

194 
982 

835 
1,016 

799 
1,500 
1,380 

0 
922 

1,200 
1,433 
1,055 
2,500 

916 
1,616 
1,453 

* Treatment abbreviations explained in the methods section. 
# Supplemental survey based on three ll100-ac subplots per plots. Numbers exclude first year 

germinants. 

We attribute the large differences in seedling numbers between the two 
surveys to seedling distribution patterns. The late-herbicide, herbicide- 
only and control treatments do not remove litter and duff. These layers 
often dry out before the rootlets of germinating pine seeds can penetrate 



Table 5* Survival of posthavest pine regeneration by treat 
1987 and 1988. 

Treatment 
Year BH BO CM HE! HO LH 

Dependent variable: arcsine transformation of survival 

R2 C.V. Root MSE Mean Pr > F 
0.624649 22.06699 11 * 25838 51.019 0 0340 

* Values with different letters within the same year are significantly 
different at the 0.05 level of probability, 

through to the underlying mineral soil. Both 1987 and 1988 were drought 
years in middle Georgia. Seedling establishment on unburned plots was 
therefore confined to areas scarified by logging equipment which resulted 
in very uneven distribution. No patches of reproduction happened to occur 
on the belt trmsects in the late-herbicide plots. 

Based on the results of both surveys, we conclude that adequate free- 
to-grow seedlings are present to ensure the new stands on all treatment 
plots will contain a significant pine component, The distribution of these 
seedlings, however, is disappointingly uneven on control, herbicide-only 
and late-herbicide treatment plots. 

Seedling heights at the end of the first and second seasons after 
treatment did not differ significantly by treatment (Table 4 ) .  Pine re- 
cruitment continued throughout the measurement period and each seedling was 
flagged but not individually tagged. Thus plots with many new recruits had 
many small trees. These trees were not separated in the field from those a 
year older, so growth of older seedlings was masked by new recruits. Sig- 
nificant height differences were found among FTG classes in 1988, and one 
would expect seedlings with little competition to be taller than those be- 
ing subjected to severe competition. 

Herbaceous And Vine Response: In the fall of 1987, herbaceous vegeta- 
tion covered from 32 to 40 percent of the ground surface (Table 6 ) .  I n  the 
fall of 1988, herbaceous cover of the ground surface ranged from 33 percent 
on the controls to 58 percent on the herbicde-burn plots. Vines covered an 
average of 6 percent af the subplots in 1987 and 11 percent in 1988* We 
expect the coverage of vines to increase at the expense of the herbaceous 
component over the next few years. 

Twenty-two species groups were tallied on the study plots during the 
fall of 1987. Nutsedges were the most comon herbaceous plant, occurring 



with iindiator species and the 
P 

Treatments* 
BB BO CEJ KE3 HO LW Mean 

------- (percent) ---- ------- 
Bluest ems 

Yr 1 Stocking 19 
Cover 02 

Yr 2 Stocking 19 
Cover 01 

Nut sedges 
Yr 1 Stocking 75 

Cover 11 
Yr 2 Stocking 12 

Cover 01 
Plumegrass 

Yr 1 Stocking 50 
Cover 05 

2 Stocking 50 
Cover 04 

White eupatorim 
Yr I Stocking 81 

Cover 13 
Vr 2 Stocking 31 

Cover 02 
Japanese honeysuckle 

Ur 1 Stocking 31 
Cover 01 

Yr 2 Stocking 50 
Cover 03 

Panicruns 
Yr 1 Stocking 0 

Cover 0 
Yr 2 Stockihlg 94 

Cover 29 
Muscadine 

Yr I Stocking 31 
Cover 03 

Yr 2 Stocking 31 
Cover 07 

Veeds a d  grasses 
Total cover 
Yr 1. 40 
Eir 2 51 

Vines 
Total cover 
‘~ir a 05 
Vr 2 11 

* Treatment abbreviations explained in the methods section. 
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about 20 percent resulting in a total of 5,400 stems/= for all species. 
Decrease? of this magnitude between first and second year hardwood seed- 
lings have been noted in other studies and are thought to simply reflect 
natural selection processes. Sweetgum continued to dominatr-i the vegeta- 
tion, now comprising 38 percent of the total number of stems* Two years 
after at least one of the treatments, maple, flowering dowood, pine, and 
red oak numbers all exceeded 1,000/ac. Eastern redbud and black cherry 
nmbers exceeded 500 stems/ac after at least one of the treatments. There 
is little doubt that sweetgum will dominate the hardwood component of the 
developing stand with flowering dogwood, red oaks, cherry, m d  elm as 
comon associates. 

The temporary increase in succulent sprouts should attract a wide rage 
of wifdlife such as quail, turkey, and deer. Many o f  the most common plant 
species groups recorded on the study transects are considered to be of 
primary wildlife value in middle Georgia (Wade et al., 1989). These 
species include black cherry, herbs, honeysuckle, red oaks, greenbriars, 
md muscadine grape. 

A low-intensity late-summer underburn 2 months after "thin Pin@" herbi- 
cide treatment was safe and easy to conduct, Establishment of pine seed- 
lings was best on the herbicide-burn treatment but all six treatments pro- 
vided more than enough F'TG class 2 and 2 seedlings to eventually dominate 
the overstory of the developing stad, The distribution of these seedlings 
was very uneven on control, herbicide-only, and especially late-herbicjde 
plots * 

Seedbeds remained receptive to pine establishment for several years af- 
ter treatment. The failure to recognize the need to specifically identify 
new recruits prevented meaningful comparison of &tny differences in pine 
seedling height between treatments. 

The herbicide treatments used, preserved advmce pine regeneration. 
Before considering the use of fire, advance reproduction should be evalu- 
ated including an assessment of the number of stems likely to capture a 
place in the overstory of the next stand. briation in pine development 
within treatments shows the value of site-specific preparation prescrip- 
tions over a single generalized prescription for the whole area (see 
Noorhead and Dangerfield, this volume). 

The hardwood component was drastically reduced by all treatments but is 
rapidly recovering from surviving rootstocks. It appears sweetgum will 
dominate the hardwood component of the developing stanzd with flowering dog- 
wood, red oaks, elm, and cherry as common associates. Herbaceous species 
dominated all treatment plots soon after harvest. The abwndmce of indi- 
vidual species was treatment specific. Vines were a major component o f  the 
surface vegetation prior to harvest and should become so again, especially 
at the expense of the herbaceous plants? as succession continues. Results 
demonstrated that: (1) a single preharvest low-intensity s 



Eire, by itself or in conjmction with selective herbicide treatment of re- 
sidual hardwoods is a practical seedbed preparation technique to reestab- 
lish southern pine on lower Piedmont mixed pine-hardwood sites; (2) combin- 
ing the selective use of herbicides with fire can further increase the 
probability that pine will dominate the canopy of the emerging forest 
stand; (3) herbicide treatments do not expose mineral soil seedbeds and 
therefore may resurt in weven distribution of pine reproduction; and (4) 
wildlife values are enhmced, at Peast temporarily, bgr these treatments. 

Authors thank the Georgia Forestry Commission for f inancial support of 
this study, and kith Wilson for providing the study area. 
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& p d h  1, L i s t  of p h t  s p i e  fomd on the study plots 

American holly Japanese honeysucJlrle 
heriean hornbeam Loblolly pine 
Ash Muscadine grape 
Black cherry Prmus serotina -- Persimon 
Black tupelo Myssa syfvatica Poison oak rim 
Blueberry Vaccinitun spp. Red .mple Acer r u b r m  
Eastern hophornbem Ostrya virgiraiiula Red mulberq Morus rubra -- Eas tern redbud Cercis canadensis Sassafras Sassafras albidum 
Eastern redcedar Jwiperus virginiana Shor tleaf pine Pinus ecfiinata -- Florida maple Aeer barbaturn -- Southern red oak 
Flowering dowood Cornus f Lorida Swee tgum 
Greenbriars Smila spp. Vater oak Quercus nigra -- Hackberry Celtis spp. White oak Quercus alba -- Haw thorn Cratae~s spp, Winged elm Ulmus alata -- Hickory Carya spp- Winged sumac %~us copillina 
Honeylocus t G l e d i  tsia triaeanthos Yellow-poplar Lirioda3dron tulipifera 

Herbaceous Species 

her i can Ereefiites spp. Panicurns Panicurn spp. 
burnweed ( f i reweed) (inc. low panicums) 

Aster 
Blackberry 
Blues tems 
( broomsedge) 
Dog fennel. 
Elephmt's foot 
Goldenrod 
Goosegrass 
Lespedeza 
Mu t sedges 
%ite eupatoriw 
(f ireweed) 

Aster spp. 
Rubus spp. 
hdropogcsn 

Eupatorim sgp, 
Elephmtopus spp. 
Solidago spp. 
Eleusine indica -- 
tespedeza spg. 

par tridgepea- 
Paspalm grasses 
Plmegrass 
Purple love grass 
Purple top grass 
(grease grass) 

hbbi t tobacco 
St. Johswort 
Spike grass 
Tickclover 

Cassia spp. 
Paspalm spp. 
Erimthus spp. 

SPP * 
Tridens spp. 

Gnapf-raliurn spp. 
SPP* 

Uniola spp. 
Besmodiunr spp. 



NATURAL HARDWOOD REGENERATION 6 YEARS AFTER CLEARCUTTING 
AS INFLUENCED BY HERBICIDE INJECTlON AND SCALPfMG " 

George Bopper, Allan Houston, and Edward Buckner 

Abstract. Forty-five acres of mature upland hardwood timber on the 
Ames Plantation in west Tennessee were clearcut during s 
Timber volumes were high (10 MBF/ac, Doyle) with 92 percent of ov- 
erstory comprised of southern red oak CQuercus falcata Michx. var. 
falcata). -Advance regeneration over the entire tract was low or 
nonexistent. Nine contie;uous 1-ac blocks were established within 
the silviculture clearcut and two treatments randomly assimed: (1) 
post harvest injection with Tordon 10ITM of domood (Cornus florida 
L), red maple (Acer -- rubrum L. ) and miscellan6ous hickories (Carya 
shp.); and (2) same as treatment one with scalping of the site 
(all litter, but little soil removed) with a bulldoze;. The compo- 
si tion and height of regeneration was measured following the first 
and sixth growing seasons. Hardwood regeneration over the entire 
area six growing seasons after harvest averaged 2,248 stemsiac, 
with approximately 10 percent oak species. Regeneration was sig- 
nificantly reduced with increased treatment intensity with 2,686 
stems/ac for control, 2,287 stems/ac for injection plots and 1,771 
stems/ac for scalping plots. Scalping had no effect on the number 
of oak, ash (Fraxinus spp.), and yellow-poplar (Liriodendron spp.). 
Evidence is presented suggesting that the treatments influenced the 
effectiveness of birds, wind, and gravity as vectors for distribut- 
ing tree seed. 

In contrast to more intensively 
managed conifer stands where regen- 
eration is usually accomplished by 
planting nursery-grom seedlings, 
management systems for hardwoods 
generally rely on natural regen- 
eration. A common problem following 
harvests in hardwoods is that har- 

Paper presented at Sixth Biennial 
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vested stands with a high percentage 
of desirable lumber species often 
regenerate to stands largely stocked 
with undesirable lumber species. 

Clearcu t t ing as a silvicul tural 
practice has been under close scru- 
tiny for several years. Many for- 
esters and natural resource profes- 
sionals, although convinced that 
clearcutting may be good for regen- 
eration, recopize that it has limi- 
tations. Clearcutting has not 
generally been successfuE at regen- 
erating oaks on good oak sites in 
the absence of advanced oak repro- 
duction. This lack of oak reproduc- 
tion has led many forest scientists 
to question the use of clearcutting, 
especially when regenerating oak is 
of primary importance. It is now 



widely accepted that hardwood regeneration, especially that of oaks, is 
commonly of coppice origin. However, large-diameter trees generally do not 
sprout from stumps (Allen 1990). Developing cultural practices that encour- 
age root sprouting from the large root systems of harvested oaks while re- 
ducing the competition from undesirable species might justify the use of 
such an economically at tractive regenerat ion method. This is especially 
true where advance regeneration is below optimwn levels. 

While increased representation of pioneer species is expected where 
large speni~lgs are created, compositional shifts often do not follow this 
pattern, especially where fast-growing coppice dominates regeneration. En- 
couraging coppice regeneration from the root systems of desirable lumber 
species while discouraging coppice from undesirable lumber species might 
provide an attractive alternative. Furthermore, exposure of mineral soil 
in lightly scalped clearcuts may allow for pioneer and light seeded species 
to regenerate. The purpose of this paper is to report the effects of in- 
jecting undesirables residuals and scalping as follow-up treatments after 
clearcutting a mature upland southern red oak (Quercus falcata Hichx.) 
stand in west Temessee. 

Methods 

A 45-ae, 90- to 100-year-old red oak stand on Ames Plantation in 
southwest Temessee was clearcut in the summer of 1983. The area was 
joined on three sides by hardwood forest. Site index for the harvested 
stand was 90 for southern red oak (Q. falcata Michx. var., falcata; base 
age 50 years). The tract averaged 7,830 bd f t/ac (Doyle) and was 93 percent 
red oak., mainly southern red, with lesser volumes of black oak (Q. velutina 
Lam. ), and northern red (Q. rubra L. ) . The other species harvested from 
the stand were green ash (Praxinus americana L.), black cherry (Prunus -- ser- 
otina Ehrh), hickories (Carya spp.), black gum (Nyssa sylvatica L.) and 
sweet (Liquidambar styraciflua L.). The advanced reproduction was pri- 
marily flowering dogwood (Cornus florida L. ), red maple (Acer -- rubrm L. ), 
and miscellaneous hickories. Although no quantitative measurements were 
taken, there was little advanced oak reproduction. 

Following comrcial clearcutting of all merchantable timber, nine 
square, 1-ac plots were located near the center of the harvested area. 
Plot corners were marked with stakes. Three replications of two treatments 
were randomly assigned to the nine plots. Treatments, including the con- 
trol, were: (%) All residual stems greater than 1-inch diameter were cut to 
accomplish the silvicultural clearcut (control); (2) All dogwood, hickorzk 
and red maple greater than 1 inch in height were injected with Tordon 101 
to kill their root systems to prevent sprouting (injection); (3) Same as 
treatment 2 except that the area was scalped using a standard bulldozer 
blade to push all logging slash and litter off the plot (scalping). All 
other species greater than 1 inch diameter were cut without chemical treat- 
ment to permit their root stocks to provide desirable coppice regeneration. 
Some topsoil was removed in the scalping operation. This treatment was done 
to encourage root sprouting of the desirable species that were not chemic- 
ally deadened and encourage seeding from wind and birds. 



All treatments were in place by October I, 1983. In order to follow 
fate of individual trees and compare species change in growth and survivaf, 
27 milac plots were established as permment plots in each treatment. 
Twenty-five cells located in five rows m d  five eol s were established in 
each milac plot to locate individual trees. Baseline measurements were made 
at the end of the first and sixth fual growing seasons. Data collectisn in- 
cluded; height and species of dominant stem in each cell, nunber of stems 
for each species, and the percentage of the ground covered by honeysuckle 
vine [Lonicera japonica (L.  Thunberg)]. 

In addition, at the end of the sixth growing season, three 10 x 142 ft 
strip transects were placed randomly to tally all regeneration on 9.8 per- 
cent of each block. All statistical analyses were performed with G W  pro- 
cedures and mean separation accomplished with Duncan's Multiple Range test 
(SAS 1985), 

With the increasing treatment intensity there was a parallel reduction 
in total number of stems at year 6 (Table I) ,  At year 6, across all treat- 
ments the developing stand averaged 2,247 stems/ac. Control plots averaged 
2,685 stems/ac which is similar to the hardwood regeneration reported by 
other researchers following clearcutting (WaPters 1989, Martin m d  Hornbeck 
1990) 

Scalped treatments had the lowest stem count, 1,770 stemsiac. Scalping 
removed most of the seed in place. Although scalping appeared to reduce 
the total stem count, overall stocking levels in these plots were still 
good compared to the control plots. Noreover, the percentage of the number 
of desirable species stems (oak, ash, and yellow poplar) to the total 
number of stems in the scalped treatments (26.7 percent) was better than 
the percentage of desirables in the control plots (19.7 percent). The 
reduced numbers of regenerants in the scalped plots, may benefit the desir- 
able species since there will be less competition in future years. 

Although there were fewer stems o f  dogwood, red maple and hickory in 
the injection treatments, the numbers of these species were not different 
across all treatments (Table 1) * There was a significant increase in the 
amount of honeysuckle competition on the inject ion plots with 41.1 percent 
groundcover at year 1, compared with the control plots (15.2 percent) and 
the scalping plots (12.9 percent) (Table 2). The higher groundcover 
persisted through year 6. However, there was no significant difference in 
the change in groundcover over the 6 years compared among treatments (Table 
2). The honeysuckle probably was greatest in the injection plots because 
partially 'deadened overstory released the vines. In the scalping plots, 
vine competition was removed by the bulldozer. Moreover, vine competition 
likely retarded growth in injection plots and may influence the composit- 
ional and successional changes of these plots in the future (Table 3). 



Table 3. IQorest regeneration 6 y after t i ~ k r  
ts lincludd a control (sll. 

th injection of  dogwood, red maple, and hickory), 
as injection xi th scalping of ground lightly). 

Species Control I n j e c t  . Scalp. Overall  

7- 

Diospyros v i rg in iana  
Sassafras  albidttm 
Cereis casladensis 

-- 
Aeer negwldo 
P 

Tota l  

* Most of the red oaks were 0. ve lu t ina  (black oak),  Q. rubra (northern 
red oak), and Q. f a l c a t a ,  (southern red oak). ~ h > r e  were no white 
oaks found i n  Fhe study area.  

** Hickories were - C. glabra  (pignut hickory) and - C. ovata (shagbark 
hickory). 

Table 2. The percentage of groundcover in honeysuckle by treatment for 
s 1 m d  6 .  

Control In jec t ion  Scalping 

Year 1 
"51ar 6 

------- (percent v ine  cover) ------- 

Year 1 t o  year 6 change 12.4 a 7.8 a 5.1 a 

" e m s  with sme letter i n  a row a r e  not s i p i f i c a n t l y  d i f f e r e n t  a t  P 
= 0,05 a s  tes ted by cans Multiple Range Test f o r  S i p i f i c m e ;  
df = 257. 



Table 3. Percat in  the number of tr &t eowth,  
height growth over af 

stand in  west e 

- 

Variation Control Inject ion Scalping 

Percent chmge in nwber of trees -1.7 b1 +6.7 a +5.2 a 
Height growth (em) 226.0 a 187.4 b 156.4 b 
Percent charzge in height growth 75.8 a 69.5 a 70.6 a 

Means followed by same letter in row are not significantly diffeent 
at P = 0.05 as tested by Duncans Multiple Range Test for signifi- 
cance; df = 257. 

Over the 6-year period, the number of trees on permanent plots de- 
creased in only the control plots (-1.7 percent). Whereas on the injection 
and scalping plots, the number of trees increased 6.7 and 5.1 percent, res- 
pectively (Table 3 ) .  Similar delayed reproduction increases have been re- 
ported in scarified clearcuts in Canada and Pennsylvania for up to 3 years 
(Martin and Hornbeck 1989). 

Despite greater stocking, height growth at year 6 was greatest in the 
control plots (Table 3 ) .  A factor affecting this comparative growth per- 
formance is that scalping and honeysuckle competition may have stunted the 
early growth of seedlings on the injection and scalped plots. Scalping may 
have reduced the organic layer to the detriment of the seedling growth. 
Honeysuckle competition in the injection plots probably held the growth of 
seedlings back in those plots. 

However, the percent change in height growth from year 1 to year 6 re- 
flects no difference among treatments (Table 3). This statistic indicates 
that although the newly established regenerants were initially smaller in 
the injection and scalping plots, the rate of growth was not significantly 
less than on control plots. Thus, if the tree competition is less and the 
growth rate the same, then perhaps the more intensely treated plots will 
catch up in growth in future years. At the end of the sixth growing sea- 
son, the height growth increase over the first 6 years are 75.8, 69.5, and 
70.6 percent for the control, injection, and scalping plots, respectively 
(Table 3). 

Regeneration by species seemed to be associated with seed dispersal 
mechanisms that were in turn influenced by the increasing intensity of 
treatment. Table 4 shows the species listed according to dispersal meth- 
ods: bird, gravity, or wind, 

In general, plots with high ground cover at year 1 tended to regenerate 
to species with seed dispersal largely dependant upon birds (Table 5). Ac- 
ross all treatments, species with seed dispersed by birds were found on 



Table 4. Species grouped in association with their seed dispersal rnec- 
isp - 

Bird Vind Gravity 

Sassafras albidum 
Prunus serotina 

vilrginiana 
orida 

rJyssa sylvatica 
Cercis canadensis 

P 

Fraxinus pemsylvania 
Liriodendron tulipifera 
Pinus taeda -- 
Acer rubrum -- 
Ulms alata -- 
Liquadmbar styraciflua 

Quercus spp. 
Carya spp. 

Table 5. Percent s in stocking and height growth ac- 
(bird9 wind, or gravity) for *dl 

Stocking change Height growth 

Control 
Bird 
Wind 
Gravity 

Injection 
Bird 
Wind 
Gravity 

Scalping 
Bird 
Wind 
Gravity 

--- percent --- ---- cm ---- 

Overall totals 
Bird 2.6 186.8 
Wind 4.7 200 7 
Gravity 2,9 182.7 



plots with m average of 32 percent ground coverqe; m d  was significantly 
higher than plots regenerated to wind dispersed species (18 percent) and 
gravity dispersed species (19 percent). This fact probably reflects in- 
creased foraging and perching of birds in the vine cover during the fall 
1983 and early winter 1984. In the control plots during the first 6 years, 
wind seeded species continued to increase in numbers of regenerants per 
acre at 3 - 3  percent, but the numbers of regenermts decreased in the bird 
and gravity seeded species at -4.5 and -4.3 percent, respectively (Table 
5 ) .  Wind dispersed species may have the ability to invade clearcuts more 
aggressively thm bird or gravity dispersed species. Also, some avian 
species may be reluctant to access the interior portion of large clearcuts 
(Thompson m d  Fritzell 1990). 

There seemed to be more bird dispersed species in the injection plots. 
Between years 1 and 6 there was an 8.0 percent increase in bird dispersal 
species compared with 5.6 and 5.4 percent increase in wind and gravity spe- 
cies, respectively (Table 5). This increased number may reflect the in- 
creased activity of birds in the heavy vine covered injection plots. Like- 
wise, the scalping plots that had mineral soil exposed and less vine com- 
petition showed increased regeneration of the species dispersed by wind and 
gravity (Table 5). Wind dispersed species increased 4.7 percent and grav- 
ity dispersed tree species increased 9.2 percent in the scapled plots. The 
increase in gravity dispersed species probably reflects delayed and contin- 
ued sprouting of oak and hickory seedlings between year 1 and year 6. Also, 
less honeysuckle and lower stocking in the scapled plots may have contribu- 
ted to the continued seeding of the gravity dispersed species. 

Height growth was somewhat consistent mong all species, regardless of 
the dispersal system (Table 5). The wind dispersed species tended to be 
taller at age 6, reflecting the pioneer habit of most of these lighter 
seeded species. 

The two treatments appeared to have little effect on oak regeneration 
with only slightly fewer stems per acre than the control plots. However, 
the decreased rqeneratim of undesirables in these plots was notable, es- 
pecially the very few red maples present in the scalped plots. These re- 
sults suggest that the composition of regeneration in the treated plots may 
shift toward more desirable species (oak, ash, and yellow-poplar) . Fur- 
ther, due, to lower stocking, desirable species may be more likely to com- 
prise the dominants in the future stand. 

Height growth nas somewhat better in the control plots* This was prab- 
ably because of the top soil damage on the scalped plots and the honeysuc- 
kle competition on injection plots. However, close analysis shows that 
height growth rates over the 6-year period were not different across all 
treatments. Although scalping reduced the growth and total regeneration, 
these losses were not significant. In fact, lower density in the scalped 
plots may provide less competition m d  greater future growth. 1 t was also 



determined that a heavy initial vine component may tend to regenerate to 
tree species dispersed by birds* 

Regeneration is prolific in a clearcut from a variety of seed and 
sprout origins. Dispersal of seed and the establishment of seedlings de- 
pends on ground conditions throughout at least the first 6 years of growth. 
Successional changes in composition and growth of the established vegeta- 
tion requires long-term study and detailed analysis. Ecologically, the 
disruption of a clearcut is severe, and understanding the consequential ef- 
fects is very difficult. However, we found that operations such as scalp- 
ing and injection of herbicides, which are more intense than clearcutting 
alone, do not prevent regeneration of hardwood tree species. Predicting 
the natural regeneration outcome in a clearcut where advance regeneration 
is below critical levels is rancertain and long-term consequences need 
futher study. 

This study was funded by Hobart hes Foundation and McIntyre-Stemis Re- 
search. The authors acknowledge Robert Smith for his review of the 
manuscript. 
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THE VALUE OF SITE PREWRATION PRESCRIPTIONS: 
AN ECONOMiC ANALYSIS' 

David J. Woorked and Coleman W. Dangerfield, Jr. 

Abstract. An economic analysis was performed to compare costs and 
returns from general vs. specific site preparation prescriptions on 
a recently harvested site in the Coastal Plain of south Georgia. 
The contractors initial site preparation recommendation, without 
the aid of a professional forester, was to shear-r&e-bed the en- 
tire 161-ac site. Inspection of the site indicated that bedding 
was inappropriate for establishment. Instead, specific site 
preparation prescriptions were made across the tract. Prescribed 
treatments included chopping, shearing, and/or spot raking as re- 
quired. Buffer strips were also maintained along all drainages. 
Actual costs were used in the analysis, and stand growth was mod- 
eled with respect to site index using YIELDplus (v 1. lc). Pre- 
scribed treatments resulted in cost savings of up to $42/ac over 
the most intensive treatments. Internal rate of return (IRR) and 
the annual equivalent value (AEV) were calculated for high vs. low 
prescribed site preparation treatments at four levels of site in- 
dex, S1 62, 45, 68, and 75. IRR for low cost prescribed treatments 
ranged %:om 10.5 percent at SI,,65 to 12.5 percent at SI 75. In 
contrast , IRR for high cost recommendat ions ranged from 9 .y percent 
at SI,,62 to 11.4 percent at SI,,75. AEV payments for low cost 
treatments were found to increase by $2/ac over high cost 
treatments. 

Pine regeneration on nonindus- 
trial private forest land (NIPF) 

ua5 harvest of these 
lands (Anonyntous 298&), One factor 
determining the regeneration of cut- 
over timberlmd is the high cost of 
site preparation that must be 
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carried over the rotation. In many 
cases, NIPF landowners feel that 
successful pine regeneration re- 
quires intensive site preparation 
comon to the intensive mechanical 
site preparation on many forest in- 
dustry operations. However, the 
forest industry model may not be ap- 
propriate to many NIPF sites partic- 
ularly when money is not available 
to landowers for intensive site 
preparation treatments. 

Si te preparation treatments 
which are uniformly applied across 
large tracts may result in reduction 
of site productivity, failure to 
adequately control competition and 
excessive expenditures to the land- 
owner for inappropriate practices 



(Gaskin et al., 1989). This study examined the value of site specific site 
preparation prescriptions on a recently cutover timber tract in the Coastal 
Plain of Georgia* 

A recently harvested upper Coastal Plain tract in Tift County, Georgia, 
was selected for analysis of the value of site specific site preparation 
treatments. The landowner had secured the services of a site preparation 
vendor 6u'h0 had site prepared and plated on the traet in the past. Hovev- 
er, the landowner was concerned about past activities on this property, es- 
pecially the use of bedding on some of the llpland portions of the tract. 
Beds were previously installed along the slope causing excessive erosion 
and seedling mortality as the upland soils dried during swmer droughts. 
The vendor quoted a price of $160/ac to site prepare and plant. Site prep- 
aration was to include shearing, r;rking, a d  bedding over the entire tract. 

After meeting with the lmdomer and vendor, specific site preparation 
treatments were prescribed after evaluating the 161-ac tract. Individual 
prescriptions were made on units as small as 1.2 ac. The prescription 
process included evaluation of residual debris, the composi t ion of po ten- 
tial herbaceous and woody competition, soils m d  drainage, a d  compliance 
with voluntary Best Management Practices (BMPs) (Anonymous 1990). Two cost 
levels (high and low) of mechanical site preparation treatments included 
combinations of chopping, shearing, and spot piling followed by broadcast 
burning were prescribed. The s i t e  was planted using slash pine (Pinus -- el- 
liottii Engelm.) seedlings at a density o f  605 seedlingsiac. After plant- 
ing, hexazinone and sulfometuron were applied in 4-ft-wide bands over the 
top of the seedlings at the broadcast rate o f  2 pt of hexazinone and 3 
oz of sulfometuron per acre by a backpack spray crew. 

Economic efficiency was measured by computing the internal rate of re- 
turn (XRR) and equivalent value (AEV) for the high and low cost site 
specific presc s, IRR measured returns to ested capital for each 
case. MV expresses timber returns sn a yearly uity basis- Wood flow 
estimates and financial calculations were performed using the microcomputer 
program YIEkDplus (v 1.1~) (Hepp 1988). 

Several financial assumptions Were mde for the analysis. Major as- 
smptions were: 

* A 35-year rotation was chosen, using four levels of site index SI  , 
62, 65, 68, 75, which represented the variation on the tract (~af- 
how 1983). Initial plated density was set at 605 treeslac. Two 
thimings were included, the first at age 17 years and a second at 
25 years. The stand was scheduled to be harvested by clearcutting 
at age 35 years. The YIELDplus (v  1.1~) growth model used was for a 
cutover slash pine plantation site, 

Provisions of the Tax Reform Act sf I986 were incorporated with a. 
mawinal tax bracket of 28 percent. 



- A discount rate (opportunity cost) of 8 percent was chosen. 

* Long run, average sturnpage prices for the Georgia Coastal Plain 
were: pulpwood (5-10 inch dbh) $26/cd; chip-n-saw (10-12 inch dbh) 
ST4.501cd. ; sawtimber (12-16 inch dbh) $~~OIP.LBF. 

PrescriQt ion treatments resulted in two levels of intensity and cost 
(Table 1). Sites which had little standing debris were chopped and spot 
raked at a cost of $74/ac. On sites where residuals remained after harvest, 
shearing and raking into piles was used at a cost of $116/ac. The high and 
low cost treatments were rather evenly divided across all ranges of site 
index with the exception of SI, 62, where the entire 65.6 ac in that pro- 
ductivity class required only tge low intensity treatment (Table 2). Ac-- 
ross the 161-ac tract, 58 percent (94.8 ac) was treated at a cost of 
$74/ac. Costs for seedlings, planting, and herbaceous weed control were 
constant for both high an$. low cost site preparation treatments (Table I). 

Table 1. Costs of two levels of prescription site preparation treat- 
ts a d  fixed costs of sdlings, planting, and herbaceous weed 

control. 

Treatment Cos t/ac 

Chop and spot rake 
Shear and rake 
Seedlings and planting 
($17.30 seedling cost , $25.00 planting) 

Herbaceous weed control 

The actual cost of the prescribed site preparation treatments averaged 
over the 161-ac tract was $91.28/ac (Table 3). The vendors initial quote 
of $160/ac to site prepare and plant was based on a site preparation cost 
of $118/ac. With seedling and planting costs held constant and with the 
addition of herbaceous weed control at $15.83/ac (a cost not included in 
the vendor quote), the cost comparison between the vendor quote and the ac- 
tual pri'ce by prescription was $175.83 and $149.41/ac, respectively. The 
prescription price, which was actually paid by the landowner, totaled 
$24,070.73 as compared with the vendor's quoted price (without herbaceous 
weed control) of $28,308.63 (Table 3). The use of prescription practices 
resulted in a direct savings to the ladowner of $4,237.90. 

A steady increase in wood flow was projected as SI increased from 62 
to 75 ft (Table 4). The largest increase was between 88 and 75 where wood 
flow increased 16.2 percent, or 7.4 total cord equivalents. 



Table 2. Total. cost and acres of prescription site pre 
ts by site index. 

Site index,, Site preparation cost Areas treated Total cost* 

* Site preparation + seedlings + planting + herbicide 

Table 3. Site p tion cost cornparision be vendor quote and 
prescriptisn tr 

Site preparation Area Total Total 
cost /ac cost /aca cost/tract 

Vendor quote 118. 0Ob 161 175.83 28,308.63 
Prescription 91.28 161 149.41 24,070.41 

Site preparation + seedlings + planting + herbicide 
b Average of all treatments 

Internal rate of return for the low cost case ranged from 10.5 percent 
for SI,,62 to 12.5 percent at SI 75 (Table 5 ) .  For the high cost case, 
IRR ranged from 9.5 percent for 8fZ562 to 11.4 percent at SIZ ,75. There- 
fore, for each case, IRR steadily Increased as site index increased. For 
each site index, the difference in IRR between the low and high cost site 
preparation prescriptions remained approximately 1.0 percent. Improvements 
in IRR were constant across different levels of site index with changes in 
site preparation costs. 



Changes in AEV were similar to those for IRR (Table 5). Annual annuity 
payments increased approximately $2/ac between the low and high cost treat- 
ments with the same site index. Also, W / a c  steadily increased from 
$26.26 at SI,,62 to $42.76 at SI,,75. Total cash flow is shown to be 
greater in the low cost prescription as compared to the high cost prescrip- 
tion (Table 6). This results from the $42/ac difference between the high 
($116) and low ($74) prescription treatments. The extra $42 cost occurs at 
the beginning of the rotation while harvest revenues do not occur until the 
stand is thinned and finally harvested* 

Table 4. Vd-flow per acre by site index for planted slash pine plan- 
tations on cutover sites 35-year rotation, south 

Site index Pulpwood Saw t imber Total cords 

(f t/25 yr) (cord) (mf ba ) (equivalent) 

a Thousand bd ft 

Table 5. Invest sis for planted slash pine plantations on cut- 
over sites by site index and level of site preparation and planting 
cost, per acre, afte ax (35 percent), 8 percent discount rate, 35- 
year rotation, south 

Site index cost a Internal rate Annual equivalent 
of return value 

(f t/25 yr) ($/ac) 

62 Low 
High 

65 Low 
High 

68 Low 
High 

75 Low 
High 

(percent) 

-- 

a Total planting cost/ac: low = $132.13; high = $174.13. 



Table 6 .  Befom tax h-flows for low andl high inves 
slash pine stmds, s ind- 68, constant dollars, so 
1989. 

Investment 
Low High 

Expenses 
Planting 
Nanagemen t 
Harvest 

Revenues 
Pulpwood 
Chip-n-saw 
Sawt imber 

Total 1809 68 

Examination of the tract indicated that the broad site preparation 
treatment initially recommended by the vendor (shear-rake-bed) was not 
justified. In particular, the use of bedding was not appropriate on the 
majority of the tract. The maintenance of Streamside Management Zones in 
compliance with voluntary BMPs reduced the number of acres within the tract 
that required bedding. Other areas of the tract, particularly the 65.6 ac 
of SI, ,62 land, did not require bedding as this area was a well drained, 
rolling upland and improper application of site preparation practices could 
reduce productivity (Gaskin et al., 1989). 

Bedding has become so cornan in the Coastal Plain that it is frequently 
applied to uplands or other less obvious adequately drained sites as had 
occurred in the past on this landowners property. The practice is intended 
to provide localized drainage of surface moisture to enhance seedling es- 
tablishment (McKee and Shoulders 1974, Derr and M m  1977). Bedding res- 
ponses are often variable (Cain 1978, Wilhite and Jones 1981). Early 
growth of seedlings on beds is thought to be enhanced by the concentration 
of nutrients and orgmic matter in the bed, however this benefit is usualky 
shortlived (Pritchett and Smith 1974; Haines et al., 1975). Some early 
bedding responses may have also reflected reduction of competition on the 
bed which may have benefitted seedling establishment for a short time after 
outplanting. To achieve this result, the application of herbaceous weed 
control is justified in place of bedding on sites which do not have limita- 
tions to surface drainage or the presence of standing water tables near the 
soil surface. 



Within the prescribed site preparation treatments, the cost differen- 
tial was $42/ac between the high a d  low trea'cments. The costs of the 
prescription treatments were similar to those averages reported for the 
region (Str* et al., 1989). %en exmined in relation to site index, the 
IRR indicated that a I-percent increase could be achieved by reducing the 
required site preparation cost. This is dependent on the need to provide 
competition control and plating access. In the past, intensive mechanical 
site preparation was require to reduce competition and facilitate machine 
planting (Guldin 1982). Wovever, with the increased use of herbicides and 
hmdplanting, sites can be adequately prepared to eontrol competition with- 
out intensive mechablical treatments. One drawback for many lmdowess is 
the requirement for prior pL ing to implement these alternative site 
preparation methods. The use of herbicides requires application at specif- 
ic times in relation to the type of herbicide and application method re- 
quired (Miller 1989). 

The use sf site specific site preparation prescriptions resulted in di- 
rect cost swings to the landowner of $4,237.90. This actual savings was 
realized by the lmdowner since he had reserved a portion o f  the harvest 
income, based on the vendor quote, to site prepare m d  regenerated the cut- 
over tract @ The practice of reserving a portion of the harvest income is 
highly recommended at each harvest to insure that costs of regeneration are 
available. Additionally, Im improved a d  NBI was ehmced $2/ac when Low- 
er site preparation costs were realized. Past practices vhicb had resulted 
in serious soil erosion and mneeessary s i t e  preparation costs were elim- 
inated by the use of site preparation prescriptions based on residual ma.- 
terial present after harvest, composition of probable competition, soil and 
drainage characteristics, and adherence to BMPs. In order for landowners 
to benefit from these practices, pL ing prior to timber harvests is re- 
quired and would be facilitated by the development of a comprehensive 
forest management plan. 

The authors wish to thank Mike Brumby of Tif ton, Georgia, for his co- 
operation in this study, 
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LONG-TERM EFFECTS OF THINNING ON STEM TAPER OF OLD-FIELD, 
PMNTATION LOBLQLW PINE IN THE PIEDMONTi 

Larry E. Nix and Tom F. Ruckelshaus 

Abstract. Effects of residual stocking levels on stem taper of 
trees in a long-term, old-field plantation thinning study on the 
Clewon Experimental Forest in the South hrolina Piedmont were in- 
vestigated. Taper of individual trees in 1-inch diameter steps was 
measured with a tripod-mounted optical dendrometer equipped with a 
clinometer. Dendrometer measurements were compared with caliper 
measurements of a subsample of felled trees m d  Eomd satisfactor- 
ily accurate except in the live crown region of stems where large 
branches interfered with visibility of stem profiles. Effects of 
low, medium, and high basal area residual stocking levels on stem 
taper were analyzed. Stem taper differed statistically among af- 
ter-thinning stocking levels in lower and upper boles. Stem taper 
of trees in low and medim stocking plots was less than that sf 
high stocking plots in the lower bole positions but was higher in 
upper bole positions. Results indicate that heavy or moderate 
thinning does not reduce bole quality as measured by tree length 
stem taper, and, in fact, may actually improve form in Bower boles 
as compared to light or no thinning. 

Introduction 

Forest stands that are grown on 
longer rotations in the South to 
produce higher quality products are 
of ten thinned to provide periodic 
income, salvage impending mortality, 
and concentrate growth on better 
quality residuals. Among the qual- 
ity criteria set for such rotations 
are size, straightness, clearness of 
bole, and minimal stem taper so as 
to produce the maximum volume pos- 
sible of valuable sawtimber, veneer, 
poles and pilings. Stem taper is a 
product quality criterion that not 

only af feets the structural quali t- 
ies of valuable pole-type products 
of long rotations, but also influ- 
ences the volme arad value 05 prod- 
ucts that can be mmufartured from a 
tree of a given diameter a d  height. 
For example, a change o f  one percent 
in Girard form class, a commonly 
used measure of the taper in savtirn- 
ber trees, can alter the board foot 
volume of the tree by approximately 
3 percent (Mesavage and Girard 
1946). Form class, although still 
frequently estimated in the field 
and used to calculate sawtimber vs%- 
umes, does not adequately describe 
the taper of trees along -the entire 
merchantable length. It is poorly 

Paper presented at Sixth Biennial suited for use in modern, eomputer- 
Southern Silvicultural Research Con- compa t i ble volme equations (Vim t 
ference, Memphis, TN, Oct. 30-Nov. and Cas taneda 1977; Beme t t e t al .  , 
1, 1990. 1978). Stem taper f une t ions,  

assme that the tree stem is a de- 
Associate Professor and Graduate finable solid of revolution, may 

Assistant, Dept. Forest Resources, provide the best prediction system 
Clemson Univ., Clemson, SC. for estimating tree volumes for 



almost m y  assortment of products (Parrar and Murphy 1987). Taper func- 
tions, however, need to be developed for the various populations of trees 
that result from the implementation of silvicultural practices, such as 
thinning, especially if long-ro tat ion, high value produc ts are desired. 

Previous studies of long-term thiming effects on stem taper in old- 
field, loblolly pine (Pinus -- taeda L.) ,  indicated that taper differs among 
dimeter classes of the same age and is affected by both site quality and 
thinning level (Shearin et a1. ,-1985; Nix et al., 1987). These taper stud- 
ies were actually mcillary to a broader long-term study of growth md 
yield in thinned loblolly pine stands of the Piedmont and the measures of 
taper were thought to be-crude, at best. The present study was undertaken 
as a fsllowup to these earlier studies in the hope of using a more precise 
system sf taper measurement and developing more accurate taper functions 
for use in assessing long-term thinning effects on taper agld product yield 
in these stands* 

bterids And H e t A d s  

Clemson University's Department of Forest Resources has maintained a 
long-term thimi~ag study for the past 35 years in old-field, Piedmont, lob- 
lo3ly pine plantations. These stands were established on abandoned farm- 
lands on the Clemson Experimental Forest in upper South Carolina in the 
late 1930s by the Work Progress Administration sf the Roosevelt era (Goe- 
bel et a l e ,  1974)+ Study plots are now 50 years old m d  have been thinned 
five to seven times to specified levels of residual basal area, starting at 
about age 15. Thinnings have been conducted at 5- to 8-year intervals or 
whenever plot basal areas exceeded the specified plot residual by 25 ft2 
lac. Residual basal areas range from 75 to 135 f t 2/ac and plot site index 
rmges from 72 to 98 (base age 50 years). Unthimed control plots averag- 
ing 175 ft2/ac basal area are located adjacent to each set of thinning 
plots. The exact thinning levels are not replicated at all locations and 
site index varies even among plots at the same location, thus necessitating 
grouping plots into low, medium, and high residual basal area levels and 
treating site index as a covariate in statistical malyses. 

Bimeters of all trees were measured ( c  0.1 inch) with a steel tape at 
a permanently marked height of 4.5 ft and-total heights were estimated (+ 
1.0 f t) with a clinometer. Tree taper was determined by using a tripod: 
mounted optical dendrometer (Kheeler pentaprism) wi th an attached clino- 
meter to measure the height to each successive 1-inch reduction in diam- 
eter, starting at the 4.5 ft height measurement of each tree on all plots. 
A subsmple of 54 trees representing most dbh classes, thinning levels, and 
site indexes, was measured with the dendrometer, then felled and measured 
in an analogous m er with calipers to determine the accuracy of the 
dendrometer in measuring taper of standing trees. Tree taper curves were 
developed using a eompu terized general linear models procedure (SAS 1985) 
with a quadratic regression model and a third-degree polynomial splining 
procedure to generate curves for comparisons. Comparisons of taper as 
related to method of measurement, diameter elass, and thinning level 
(residual basal area) were done with the paired t-test and the studentst 
t-test (SAS 1985) at each taper step or 1-inch reduction in diameter with 
height. There were 451 total trees involved in the study. 



A comparison of dendrome ter measurements of taper in standing trees 
with that of caliper measurements of felled trees indicates that the den- 
drometer measurements are quite accurate except at taper steps six to seven 
(Fig* 2) which are at 60-70 ft height, At this height, the methods differ 
at the 0.035 level of probability using a paired t-test. Also, at this 
height on most of the trees, large branches of ten m&e it difficult to ac- 
curately use an optical dendrometer. The error is not in a valuable por- 
tion of the tree and appears to be consistent, thus, will likely allow reh- 
ative comparisons of differences in taper man@; treatments or diameter 
classes. 

TAPER STEP HEIGHT (FEET) 

ison of st= taper St- taper of thiminlg 
ng (penla- at age 50 of old-field 
) old-field pine in the SC Piedmont 

loblolly pines in the SC Pi indicates residual basal 
teps are l-inch reductions after thinning; unthinned 
ter outside bark). ol = 150-200 ft2/ac). 

A comparison of stem taper curves among levels of residual stocking 
(Fig. 2) does not clearly show differences in taper except perhaps in the 
upper bole where the larger diameter trees of the lower stocking levels ap- 
pear to taper more than the smaller diameter trees of higher stocking lev- 
els. This higher rate of taper might naturally occur because larger di- 
ameter trees are essentially the same height as smaller diameter trees in 
even-aged stands. Taper curves for the average diameter classes on the 
study plots (Fig. 3) show much the same relationship and are too general 
for specific comparisons. However, comparisons of the actual rates of ta- 
per in inches of diameter per foot of height are shown in Figures 4 and 5 
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for thinning levels and diameter classes, respectively. Trees of the low 
and medium residual stocking levels exhibit less taper in the lower bole 
but more in the mid and upper bole than do those of the high residual lev- 
els and the unthimed plots (Fig. 4). These differences in rate of taper 
are signifiant at the 0.05 level of probability at tapes steps one, two, 
five, six, and seven using the students t-test (SAS 1985). It is possible 
that diameter differences induced by thinning may be responsible for these 
differences in taper rates. However, the relation of stem taper to diamet- 
er class over a wide range of diameters is not very clear (Fig. 5). Aver- 
age taper rates appear to be less in larger diameter classes in the lower 
bole, but higher in these same diameter classes in the middle and upper 
bole. These differences are significant at the 0.05 level only at taper 
steps one, five, six, and seven which correspond to lower, mid- and upper- 
bole positions. Oddly enough, the greatest taper in the lower bole is ex- 
hibited by trees from the high residual stocking levels and smaller dimet- 
er class (Fig. 4, 51, but this difference in taper reverses in mid- and 
upper-boles. These results confirm the conclusions of an earlier study 
(Nix et al., 1987) concerning the effects of thinning on lower bole form 
(Gjsard form class) and appear to indirectly corroborate the findings of 
Farrar and Murphy (1987) regarding the influence of tree crown ratio on 



stem taper in lower bole positions 
of trees of similar diameters. 
These authors noted that higher 
crown ratio produced greater over- 
all tree taper especially in mid- 
bole, but less taper in the Lower 
boles of shortleaf pine ( P *  echin- 
ata Mill. ) . The loblolly-pin- - 
the present study growing under low 
and medium residual stacking levels 
certainly would have higher m o m  
ratios than those of the higher 
stocking levels and do ext-riblt re- 
duced taper in lover bole positions 
(Fig* 4). 

The influence of site index sn 
these taper relationships must be 

1 2 3 4 5 6 7 8  
TAPER STEP 

considered since thirming treat- 
ments are not fully replicated ac- 
ross all site indexes. ' The Low and 

Pimre 5. A w r ~ e  rates of st- medium residual stocking level 
taper at each tapr step for dif- plots average 91 ft in height 

er cl-ses at age 50 whereas the high stocking and un- 
loblolly pine in the thinned plots average 83 dt. With 
Taper steps m e  I-in& an average difference in height of 
ceiom; leg-d i r rd t i -  8 ft across all dimeter classes, 

clmses i n  in&es). average overall stem taper would be 
less in the taller trees regardless 
of residual stocking levels. The 

height difference may also influence diameter class effects on taper as 
more larger trees would have contributed to the measurements from low a d  
medium stocking levels and, of course, are taller because of the higher av- 
erage site index. men the effects of dimeter class were tested within 
thinning levels using the t-test with 2-inch diameter classes to gain more 
tree measurements in each class, only the trees in the lowest residual 
stocking level exhibited a sicificant (at the 0.05 level) effect of di- 
ameter on taper. Interestingly, this effect occurred at taper step one, 
where 10-inch trees tapered more than 12- and 14-inch trees, and at taper 
step seven where the reverse occurred, as would be expected (Fig. 5). 

These results certainly make a strong, even if indirect, case for add- 
ing crown ratio measurements to the standard diame ter and height measure- 
ments as suggested by Farrar and Murphy (1987) for purposes o f  accurately 
estimating standing tree volumes. At least one conclusion may be derived 
from the present study, that thinning to heavy or moderate Levels will not 
greatly reduce bole quality as measured by stem taper, and may, in fact, 
improve form in the Bower more valuable portion of the tree. 
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GROWTH OF LOBLOLLY PINE UNDERPUNTED WITH CLOVERS 
IIN SOUTHERN ARIZANSAS " 

F r d  A, Roth 11, J. Mike Phillips, a d  Robert J, Colvin 

Abstract. Growth of loblolly pine (Pinus taeda L.)  thinned to "sud- -- 
den-saw10g~~ spacings and underplanted with clovers is being stud- 
ied. Pine plmtations, originally planted at an 8- by 10-f t spac- 
ing in 1978, were thinned to 100 and 250 treeslac and pruned to a 
height of 8 f t in the spring of 1987. Plots were burned, disced, 
fertilized, and seeded to clovers in the fall of 1987. Seven clo- 
ver varieties were used* By spring of 1988, all clovers provided 
excellent ground cover under the low tree density. However, under 
the high tree density, excellent ground cover was obtained with on- 
ly four varieties. By spring of 1990, all clovers had disappeared 
under both densities. Tree diameter and height growth during the 
1988 and 1989 growing seasons varied significantly by tree density. 
Mean dimeter growth at the low density was 2.4 inches, and at the 
hlgh density, 1.4 inches; while mean height growth at the low den- 
sity was 4.9 ft and at the high density, 6.9 ft during the 2-year 
period. By the end of 1989, high density trees had reached crown 
closure and had begun natural pruning, while low density trees had 
not reached ersm closure. 

LobloLly pine (Pinus taeda L.) -- 
is the most frequently planted com- 
mercial timber species in southern 
Arkansas because of its high growth 
potential on a wide variety of sites 
and pod markets. Traditionally, 
the  landowner*^ profit from planting 
pines comes more thm 30 years later 
when sawtimber is harvested. The 
long-term nature of the investment 
needed to grow pine savtimber of ten 
is a discouragement to nonindustrial 
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private forest landowners. Invest- 
ments in planting pines might be 
made more at tractive by shortening 
the amount of time needed to produce 
a crop of sawtimber, or by providing 

ual income from the pine 
plantation until the sawtimber crop 
matures. 

The time needed to produce a 
crop of loblolly pine sawtimber can 
be shortened by "sudden-sawlog" man- 
agement* 'sudden-sawlogfQotations 
in loblolly pine were first investi- 
gated by Reynolds (1980) at the 
Crosset t Experimental Forest in 
southern Arhsas. With this tech- 
nique, pine stocking was reduced to 
100 crop trees/ac in one or two 
thinnings at age 9 or 12. Burton 

arized the results of the 
""sudden-sawlog" study at Crossett 
through age 33. We found that "sud- 
den-sawlog" management produced 



about 5,800 bd f tlac, Doyle scale, by age 24, nearly 20 times the volume 
produced by conventional management. 

Aazrnual incomes can be produced by growing forage crops along with pine 
trees* Researchers have tested varieties of le es that seem to have good 
forage characteristics and the ability to survive under a fo 
the Gulf Coastal Blain* Watson et a l e  (1984) fowd that I 
their ability to tolerate shade* Johnson et all (1986) reported the es- 
tablishment bf subterranean clover (Tri f oliw subterranem L.-) under 30- to 
35-year-old loblolly-shortleaf pine stands, Clover yields were inversely 
related to cmopy density. Loblolly pine  seedlings were established in 
subterrmea clover pastures by Pearson et all (1990). They found that af- 
ter 3 years, browsing and trapling injury to the pines was not excessive 
even with wrestricted grazing. Although clovers have been grown success- 
fully in association with lobPolly pine seedlings and mature timber stands, 
little is h o w  about growing clovers under midrotation pines, 20 to 20 
years old. 

In order to shorten sawtimber rotations and produce some mnual income 
at the sme time, loblolly pine plmtations might be thinned to "sudden- 
sawloggf spacings a d  forage Le es established. The present study was 
undert&en to evaluate the growth of foblolly pine at two "sudden-sawlog@? 
densities, m d  the growth of legumes utder  the pine canopies* 

The study area is located on the University of Arkansas9~outhwest Re- 
search m d  Extension Center, near Hope, Arhsas. Soils, of the Sawyer and 
Wilcox series, are fine textured and slowly permeable. Loblolly pine site 
index is about 90 ft at age 50. The study was established in 1987 in an 
area originally used for a grazing study. LobLolly pine seedlings were 
plated at an 8- by 10-ft spacing in tall fescue (Festuca arundinacea 
Schreb,) and cornon berrnudagrass [Cynodon dactylon (L.)  Pers.] pastures 
during February 1978. After grazing was terminated in the spring of 1984, 
pine survival ranged between 250 and 400 treesiac. 

The experimental desip was a split-split-split plot design with four 
replications. Each 8-ac replication was divided into two tree densities, 
100 and 258 treesiac; each density vas divided into prescribed burning and 
no burning treatments; and each burning treatment was divided into eight, 
0.25-ac plots to aceommodate the plant ing of seven clover varieties plus a 
control, The clovers included crimson clover (T* incarnatum L.) varieties 
'Dixier and 'Tibbee;' rose clover (T. - - hirtm ~ll;) variety 'Wilton'; arrow- 
leaf elover (T, vesiculoseun Savi) variety TuchiP; arnd subterraneara clover 
varieties ' ~ t  Barker, ' ' Woogenellup, ' and 'Me teora. ' 

Trees were thinned to the desired densities a d  pruned ts a height of 8 
f t  i n  the spring of 1987* Togs and limbs from the thinning m d  pruning 
were removed from the  s i t e .  In the fall o f  1987 all p l o t s  were burned, 
disced, and fertilized with 200 Ib/ac BE triple superphosphate (0-46-0). 
Following site preparation, clovers were plmted in all plots except the 



controls. Prescribed burning was not scheduled until the fall of 1990; 
therefore, herbaceous weeds and grasses were controlled by mowing twice 
each year. Clovers were evaluated each spring for forage production. Tree 
dimeters and heights were measured each year duri~g the dormant season. 

Resdts And Discussion 

By the spring of 1988, clovers had become established in most plots. 
Under the low tree density (100 treeslac), all clover varieties provided 
excellent ground cover. However, under the high tree density (250 trees/ 
ac), excellent ground cover was provided by only four clover varieties: 
Wilton rose, Tibbee crimson, and by Mt. Barker and Woogenellup subterran- 
ems. This difference may be due to variation in shade tolerance among 
clover varieties. Measurements taken with a spherical densitometer in 
November 1988 revealed that crown densities averaged about 60 percent for 
the low tree density and 90 percent for the high tree density. By the 
spring of 1990, all clovers had disappeared under both tree densities. The 
failure of the clovers may be attributable to the accumulation of organic 
material on the forest floor. Under the high tree density, the soil sur- 
face was covered with a 3-year accmulation of pine straw, while under the 
low tree density, the clippings from mowing the weeds and grasses tended to 
accumulate* Another factor that may have caused the decline of the clovers 
was an extreme cold period in December 1989, when the temperature dropped 
below 0' Fahrenheit. In the fall of 1990, a prescribed burn was conducted 
to remove the material from the forest floor. This has resulted in clovers 
germinating once again in many plots; however, it is too early to determine 
if the clovers have become reestablished. 

The diameter growth of the trees differed significantly between tree 
densities during the first two years of the study (Table I), At the end of 
the 1987 growing season, the 10-year-old plantations had average diameters 
of 6.5 inches at both tree densities. However, by the end of the 1989 
growing season, the low density trees had grown an average of 2.4 inches in 
diameter, while the high density trees had grown only 1.4 inches. The dif- 
ference in diameter growth suggests that there is enough competition among 
the high density trees to restrict the diameter growth of the individual 
trees . 

The height growth of the trees differed sipificantly between tree den- 
sities during the first two growing seasons of the study as well (Table 2). 
At the end of the 1987 growing season, the 10-year-old plantations thinned 
to 100 treeslac averaged 26.9 ft tall, and those thimed to 250 treeslac 
averaged 29.9 ft tall, This difference in initial height may be related to 
differences in stand density prior to the application of the thinning 
treatments. By the end of the 1989 growing season the high density trees 
had grown an average of 6.9 ft in height, while the low density trees had 
grown only 4.9 ft* The difference in height growth suggests that there is 
not yet enough competition mong low density trees to restrict crown devel- 
opment * At the end of the 1989 growing season, the high density trees had 
reached crown closure and had begun the natural pruning o f  limbs above the 
8-ft pruning height. At the same time the low density trees had not reach- 
ed crom closure. This indicates that at least some of the height growth 



potential of the low density trees was diverted to the growth of large, 
lower limbs. 

Table 1. Effects of wsuddm-sawlog's spacing on di ter growth of lob- 
lolly pine after 2 years. 

Diameter 
1987 1989 Growth 

Mean 

1 
2 
3 
4 
Mean 

------------ inches ------------- 

Table 2. Effects of nsuddm-sawlogw spacing on height growth of lob- 
lclly pine af ter 2 years. 

Height 
1987 1989 Growth 

1 
2 
3 
4 

Mean 

1 
2 
3 
4 

Mean 



Conclusions 

For loblolly pine plantations between 10 and 12 years old, preliminav 
results of this study suggest: (I) that as stand density increases diameter 
growth decreases, and height growth increases; (2) that it may be difficult 
to establish clovers beneath stands of this age, and; (3) that in order to 
maintain clovers in these stands, an annual prescribed burning program may 
be necessary. 
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PREDICTION OF YIELD BY LOG G M D E  FOR RED OAK-SWEETGUM 
STANDS IN MISSISSIPB! ' 

Keith L. Belli, Thomats GI Matney, and John D. Nodges 

Abstract.. Work is currently undernay at Mississippi State Univer- 
sity to develop growth and yield prediction systems for mixed 
stands of red oak-sweet . Discriminant analysis, using both 
stand- m d  tree-level information, was employed to categorize trees 
from a set of 150 permanent plots into classes based on their mmi- 
mum log grade. (Forest Service specifications for log grade are 
used throughout.) Within each of these classes, a set of equations 
was then developed to predict the distribution of total tree volume 
by log grade. 

Mississippi's bottomland hard- 
wood resource is receiving an in- 
creasing mount of attention. One 
of the current difficulties in man- 
aging this resource is a shortage of 
information concerning growth and 
yield for the principal bottomlrvtd 
hardwood species, minly the red oak 
species group (Quercus sp.) and 
swee tam (Liauidmbar s tvraei f lua - . * 

L). Even such rudimentary yield 
models as variable density yield 
tables are rare; value, or grade, 
prediction models are nonexistent* 

on the estimation of tree grade dis- 
tributions within a stand (e.g., see 
Trimble 1965, Ernst and Marquis 
1979, Dale and Brisbin 1985, a d  My- 
ers et al. 1986), or on lumber grade 
recovery from butt logs of various 
grades (see Nmks e t  ale 1980, and 
Yaussy and Brisbin 1983). Much of 
this research has been restricted to 
upland species in the Northeastern 
states. These studies have not con- 
sidered estimation sf the grades sf 
logs above the butt log, nor have 
they attempted to estimate the 
proportion of a tree's total volume 
contributed by each lag by grade. 

The value of hardwood trees can Recent work by Reed et al. 
be characterized at three levels. (1987) and Eyon and Reed (1987) on 
First is the value, or grade, of the 
butt Hog, often referred to as tree 
grade. Second is log grade for each 
of the Hogs in the tree. Finally, 
there is the grade of the lumber ac- 
tually recovered from each log. Past 
efforts to predict the value of 
hardwood stmds mainly have focused 
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sugar maple (Acer - saccharm Marsh.) 
in Michigan provides the only exam- 
ple of a simultaneous examination of 
tree grade prediction and volume ap- 
portioment by log grade for whole- 
tree logs. A similar investigation 
would be of great benefit to mma- 
gers of Mississippifs hardwood re- 
source. The objective of this 
study was to develop a prediction 
system for southern bottomland 
hardwoods that is capable of: (1) 
estimating "te grade of individual 
trees given tree m d  stmd charac- 
teristics; and (2) apportioning 
total tree volume into categories of 
log grade. 



Data for the study vere %&en from a set of 150 per ent plots located 
in red o&-sweet stands in minor s t r m  bottoms in central Mississippi. 
The four primapy species of red o& found in such stands were chervbark 

Raf.), water (9. nigra L.) ,  willow (a. 
r d i i  Buckl.). Plots were located in st 

75 percent of the total basal area made up of sweet or red oak, with a 
minimm o f  28 percent b a s d  area for each species, or species group. Al- 
though the minimm plot area was set at 0.1 ac, plot size varied to insure 
that no less than 58 trees were measured on each plot. (Trees C 3.5-inch dbh 
were not measured.) 

I n  addition to typical tree a d  stmd-level informtion ( e . g . ,  species, 
dbb, total  height, st& age, site index, etc.), each tree on a plot was 
graded using USBA Farest Service grading standards for hardwood factow 
lmber logs (see Wast et al. 1973). The information provided by grading 
these trees included the number of l w  sections plus the length m d  grade 
fo r  each section, Section grade was desimated as 1, 2, 3, 4, m d  5 for 
factory grades 1, 2, and 3, tie m d  timber grade, and cull (or nomerchant- 
able), respectively, To improve the distribution of graded trees across dbk 
classes, supplemental data on tree grade were collected from an additional 
554 red oak trees Located within the same stands as the plots. The final 
database included informtion on over 8000 trees: 3650 sweetgum, 1082 
cherrybark oak, 770 willow a&, 488 water oak, I08 s h  rd oak, 226 other 
o&s, m d  1850 other hardwoods. 

The volume of the lag sections i n  cherrybark oak and sweetam trees was 
estimated using profile equations from Matney et ale (19851, These equa- 
tions were chosen because they were developed using trees from the sme 
stads as those containing the permment plots, and they do not require up- 
per stem dimetc;r masurements. Given only section length, tree dbk, and 
boyledge of the position sf the particular section within the tree, t h e  
dimeter at 4-foot intervals along the section was calculated from the 
profile equation. Tree volme between these intervals was estimated using 
SmaLim" formula, m d  the results were s ed for the section to provide 
total section volwne in cubic feet. The results then were converted to 
volume i n  board feet (international, Y4-inch scale). Finally, the process 
was repeated for each section in the tree to arrive at an estimate of total 
tree volurnel 

Ilinfortmately, similar stem profile equations were not available for  the 
other main oak. species. Other po ten t ia l  vftlme estimtion equations, such 
as those from ScklaegeL (1981) for willm oak, required upper stem diameter 
measurements not available from the data se t *  Hence, the methodslaw devel- 
oped for estimting the proportion of a tree's volume by grade currently ap- 
plies only to cherrybark o& m d  sweet . The procedure m y  be expanded 
easily once suitable vdume equations for the other oak species are develop- 
ed. Therefore, for simplicity, tree g prediction results also will be 
presented for eberrybark oak a d  sweet only, even though the other red 
0& species were included in the tree grade prediction arnalysis* 



Tree Grade Prediction 
The prediction of tree grade becomes important to the valuation of hard- 

wood stands only when such information is not readily available from inven- 
tory data. Hethods of grade prediction are not intended to replace the 
practice of tree grading during an inventory or timber appraisal cruise. 
Yet, the ability to predict the distribution of tree grade in a given stand 
may be a vital factor in the comparison of agemen t al terna t lives for 
high-value hardwood stands. 

For the purpose of this study, tree grade was defined as the maimum log 
quality found in a given tree. In practice this is roughly equivalent to 
setting tree grade equal to the grade of the butt log, but adjusts for the 
occasional but potentially important instance where the butt 3sg fails to be 
of a higher grade than the second log in the tree. Such a situation is 
likely to occur only in large trees or in trees where the butt log has been 
dmged . 

The nature of the dependent variable, tree grade, lends itself well to 
the use of linear discriminant analysis (see Lyon and Reed 1987). There are 
a finite nmber of mutually exclusive grade classifieations specified prior 
to data collection. These classifications also are related by definition to 
discriminator variables pertaining to tree size requirements and indirectly 
to certain stand characteristics. 

A stepwise linear discriminant analysis routine was used to identify po- 
tential independent variables effective for predicting tree grade. When 
selecting variables for the final discriminant function, consideration was 
given to model simplicity, as well as ease of data acquisition, The func- 
tions were not simply a reiteration of those variables selected by the sta- 
tistical software. 

Volume Distribution 
A£ ter section volumes were calculated for all trees, it was possible to 

express the proportion of a tree's total volume falling into a particular 
log grade. A graphical examination of the resulting distribution of volume 
by grade for individual trees and for trees grouped by dbh class revealed a 
consistent pattern that could be characterized by the modified exponential 
function: 

Ell 

where, P, = percent volume (gross bd f t, international, Y4-inch scale) 
log grade G, 

6; = log grade category (limited to G =. 1, 2 ,  3, 4, 5), a d  
bi = coefficients to be estimated for each species. 

Equation El] can be treated as a discrete distribution function for  volme 
by log grade, with the restriction that: 



Log grade data firs-ere stratified by tree grade before attempting to 
fit equation [ I ) ,  since such a procedure has been shown: to improve volume 
prediction (Reed et ale 1987). The stratification process mde it necessary 
to revise equation slightly to preclude the prediction of volme in log 
grades that, by definition, c m  not exist in a tree of a particular grade. 
For example, equation will allow a non-zero value for log grade one vol- 
w e  in a grade tw tree, an event that csntradiets the definition of a grade 
two tree. Therefore, equation [ I ]  vas modified as follows: 

where, T = tree grade categoq within which log grade volunte percent- 
ages are being predicted* 

bnlinear regression procedures (Quasi-Newton anethod) then were used to fit 
the equation to data grouped into 2-inch dimeter classes (chosen to coin- 
cide with the typical classes used to inventory stands in Mississippi). The 
loss function was adjusted to constrain the results to sat is fy  equation 021, 

1Resdts 
Tree Grade Prediction 

Both species required only two discriminator variables, dbh and relative 
basal area (defined as the ratio of a treefs basal area to the basal arealac 
of the stand in which the tree was found), to predict tree grade (Table 1). 
Other combinations of variables produced comparable results, but were rejec- 
ted for practical reasons. For exmpLe, the difficulty and expense of meas- 
uring such factors as total, or merchantable, tree height made these 
variables less desirable khm dbh or  basal area for the f inal-function. 

&ionsa for predicting tree grade of  

Cherrybark o& 

1 li = linear discriminant function for tree grade i 
dbh = dimeter at breast height (in.) 

B E B A  - relative basal area as defined in text 



Table 1 shows the linear diseriminmt functions for tree grade predic- 
tion. The overall classification success rate for these functions was 74.3 
and 85.5 percent fo r  cherrybark oak m d  sweet trees, respectively This 
success rate, however9 a~arfed by categosy, It should be noted that the 
functions allow trees to be elassifled into four, rather t h m  five, tree 
grades. Grade four trees were omitted from the analysis since they were 
virtually nonexistent in the database for either species. 

Volwe Distribution 
The regression results for cherrybark oak are given in Table 2. For 

grade one and two trees, the success of equation [ 3 ]  in accounting for the 
variation in volme distribution moag log grades (as judged by the index of 
fit) increased with increasing dbh class. There also was a gradual shift in 
predicted volwe proportion from poorer to better grade logs as dbh class 
increased. This shift is indicated by the monotonic increase in the b, co- 
efficient and the corresponding decrease in the b, coefficient. For grade 
three cherrybark sak, the results were erraetky the opposite. As dbh class 
increased, the fit sf equation [3f becme poorer and volurme proportion 
shifted to the less desirable log grades* 

Dbti 
class b, b, Index 

of fit of fit 

irolwne in hoard feet, international 1/4-inch scale. 
This dbh class was an aggregation of all Grade 2 trees > 21 inehes. 
This  dbh class w a s  an =regation of all Grade 3 trees > 13 inches. 

the fits tended to be poorer overall thm for cherrybark 
nl ike  o&, the fit index associated with poorer grade trees 

tended to  be higher thm for the Setter grade trees, This likely is a re- 
flection af the greater nmber sf trees in the grade three categorry than in 
either grade one OP ~ W O .  Results for grade one swee were similar to 
those for cherrybark oak in that  the proportion of vol redicted to fall 
into the better log grades increased with dbh class. Mowever, this trend 
was reversed for  both grades two and three sweet , rather than for just 
grade three as in the o& results. 



Tabla3 3. ion for pred the proprtion o tree 
v o l e "  by e fo that have tegosized by tree 

Dbh Tree grade one Tree grade three 
class ta, b2 Index b, b, Index b, b, Index 

of fit of fit of fit 

(inch) 

a ilolurne in board feet, international 1/4-inch scale, 
This dbk class was an aggregation of all Grade 2 trees > 15 inches. 
This dbh class m s  an aggregation of all Grade 3 trees > 13 inches. 

The prediction system described above is intended to provide information 
agement of hardwood stands in the minor bottoms of Mississippi. 

Before the prediction system can be put into operation for a given stand, 
however, the system requires two additional components: information on the 
distribution of trees (by species) among 2-inch diameter classes, and a way 
to estimate individual tree volume. The first component involves the gener- 
ation of a s tmd table, something that could be provided from information 
gathered during a conventional inventory, or predicted by a diameter distri- 
bution model. The second component can be furnished best by a local volume 
model (table or equation) since this type of model requires no information 
on individual tree height. Even without such local volume information, a 
type of standard volume equation can be (and has been) generated from the 
permanent plot database using dbh and the average height of dominant trees 
within a given stand as independent variables. 

Example 
A cherrybark oak tree was chosen at random from the data set to il- 

lustrate the use of the discriminant functions and the volume distribution 
equations. The tree had a dbh of 15.0 inches, and the basal area/ac record- 
ed for the plot was 137 ft2 (derived from the dbh of measured trees on the 
plot and plot size), Relative basal area therefore was calculated as 
0.008957. Substituting these values into the discriminant functions for 
cherrybark oak in Table 1 yielded: 



The franction with the maximm value indicates the categov, or grade, of the 
tree. In this case, the oak is assigned a grade of two. 

The next step i s  to calculate the proportion of total  tree volume Eall- 
ing into each log grade. Using equation [31 and the coefficients in Table 2 
for tree .grade two, ve predict 

or, approximtely 56, 26, 12 and 6 percent of the tree's total volme will 
be made up of log grades two, three, four, and five, respectively. I f  the 
tree contains an estimated 209 bd ft (international, Y4-in& scale), the per- 
centages above translate to 117, 54, 25, and 13 bd ft in log grades two 
through five. (Volwne estimate was made usil~g a staardard volrune equation 
derived from the per ent plot data.) Actual volwes for the tree, in bd 
ft, were: 

Total Grade two Grade three Grade four Grade five 

203 216 78 0 9 

This entire process would need to be repeated for every tree in a given 
stmd table, or tree list. Although in the above example the prediction 
system appears to have done a good job in apportioning volusng by log grade, 
caution shoufd be used in t q i w  to predict such voluunes for individual 
trees. It is expected that volume estimates wgregated to the stand level 
will be much more reliable. 

The establishat a d  measurement of plots, and the subsequent supple- 
mentary plats, were wde possible through a cooperative agreement with the 
USM Forest Service, Southern Forest Experiment Station, Southern Wardwood 
bboratary. Approved for publication as Journal Article 8-7605 of the Mis- 
sissippi Agricultural and Forestry Experiment Station* 
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INTERFACING A REGEMEMTION MODEL WITH GROWTH AND YIELD MODELS " 

Ban Bey, Paul S*  Johnson, Gene (M.E.) Garrett and Paul L. Speckmm 

Abstract- The Tobit model was used to predict the height distribu- 
tion of oaks in 10-year-old even-age oak stmds in the Missouri 
Ozarks from the preharvest size of advmce reproduction and site 
factors, This is a linear regression model desigfted for use with a 
limited dependent variable (mV). Future tree height is a LDV be- 
cause trees that die within a given growth period are limited ta a 
future height of zero while trees that survive grow to positive 
heights* In our application, the Tobit model facilitated 
estimating the probability that a stem of advance reproduction of a 
given initial size (i.e., before final harvest of the parent stand) 
on a given site will grow into a given height class ten years after 
final harvest. The resulting individual-tree probabilities are 

ed by future height classes across all surviving trees to pro- 
duce a predicted tenth-year population height distribution. For 
each stem of reproduction, the Tobit model specifies the segment of 
the probability field that represents the probability of mortality. 
nus ,  growth and mortality are simltmeously accounted for. The 
modeling procedure can be extended to generate a tree list that can 
be used as input into existing growth and yield models* 

Our inability to predict the 
first two decades of stand devel- 
opment has been a missing link in 
the growth modeling of even-we 
hardwood forests . In contrast, 
there are numerous models for pro- 
jecting the growth of older stands. 
For the Central Hardwood Region, the 
latter models include STEMS, WIGS 
and OAKSIM in addition to the tra- 
ditional yield tables. However, 
those growth projectors cannot 
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predict the development of stands 
less thm about 20 years of age, 
which typically have mean diameters 
of 3 inches or less. Those models 
also are unable to predict the de- 
velopment of reproduction after 
final harvest* 

Sander et al. (1984) developed a 
probabilistic regeneration model 
that provides a simple yes or no 
answer concerning the adequacy of 
the regeneration potential of oak 
stmds in the Missouri Ozarks. But 
because that model does not generate 
future size distributions of trees 
(and thus a "tree list"'), it cannot 
be coupled to existing growth and 
yield models to provide forest mana- 
gers with stand growth projections 
that not only extend through an en- 
tire rotation but also link one ro- 
tation with the next,  

The objective of the present 
study was to develop a regeneration 



model using methodology that can generate future height a d  dimeter dis- 
tributions from a preharvest inventory of advance reproduction and the ov- 
erstory. (The composition and structure of the overstory is a determinant 
of the potential contribution of stmp sprouts to future stocking. This 
component of the regeneration model is discussed elseb~here.) The resulting 
diameter distributions are then used to construct a tree list for use as 
input into a growth and yield model such as m G S *  To illustrate the meth- 
odolou, a model for projecting tenth-year height distributions from meas- 
urements of advance oak reproduction and site factors is presented* 

Study Area 

We collected data on the development of hardwood reproduction after the 
clearcut ting of six upland oak-hickory stands on the Nark Twain Pdational 
Forest in the Missouri Ozarks. These stands covered a wide site quality 
range (black oak site index 47-80, base age 501, slope aspects and slope 
positions. Within these stands, diameters of overstov trees [trees 2 1 ~ 3  
inches diameter breast height (dbh)] were measured on randomly located 
1/5-ac plots. Three 1/250-ac plots were then randomly established within 
each 1/5-ac plot for measuring advance reproduction. In total, 179 11250- 
ac subplots were inventoried in the six stands. These subplots contained 
1,198 stems of reproduction of which 441 were oaks, Thirty-four percent of 
the oak re~roducfion stems were white oak (Quercus alba), 45 ~ercent were 
black oak i ~ .  velutina), 6 percent were post oak (a. steilataj, 9 percent 
were scarle: oak (Q, c~ccinea), md 6 percent wer; northern red oak (0 ,  
rubra) . 

Total height and groundline diameter of individual stems of advmce re- 
production were recorded by species before final harvest. These stems were 
permanently marked and mapped for future monitoring. On each subplot, 
slope position and aspect were determined. To characterize slope position 
from ridgetop to creek bottom, we divided slopes into thirds and classified 
the location of each subplot as upper, middle or lower slope, Three aspect 
categories also were defined: north to east ("cool"); south to west 
("hot"); and all other ("neutralw) aspects. Ten years after harvest, the 
total height and dbh of each living tree was measured. 

Selecting A W e 1  

A probability approach to regeneration modeling was used because of the 
large amount of tree mortality and the rapid and unpredictable changes in 
the crown class position of trees during the first 20 years of stand devel- 
opment. Sander et al. (1984) took a probabilistic approach to develop the 
current oak regeneration model that simultaneously predicts tree growth and 
mortality based on logistic regression. Others have similarly used lsgis- 
tic regression to model forest regeneration (Ferguson 1986, Loftis 1988, 
Lowell et ale 1987). 

To update and expand the utility of the current oak regeneration model, 



we used a linear regression method comonly horn as the Tobit model, which 
was developed for analyzing data with limited dependent variables (Tobin 
1958). Since the 1970s, numerous applications of the Tobit model have been 
reported, primarily in the field of economics (Fair 1878, Keeley et al. 
1978, Ashenfelter and Ham 1979, kece 1979, Stephenson and McDonald 1979, 
Adms 1980, Witte 1980, Wiggins 1981). 

Limited dependent variables arise when the rmge of the dependent var- 
iable is restricted in some way, Tobin (1958) originated the method to an- 
alyze household expenditures on durable goods for a rmge of income levels 
by using a regression model that specifically took account of the restric- 
tion that expenditures (the dependent variable) could not be negative. He 
noted that the observed relation between household expenditures on a durab- 
le good and household incomes contained mdny observations where expenditure 
was zero over a wide rmge of incomes. 

That same relation exists between preharvest ground diameters of ad- 
vance oak reproduction and height of reproduction 10 years after clearcut- 
ting (Fig. 1). The distributional pattern of these data has many of the 
same characteristics as Tobin's data. Note the number of observations over 
a range of initial ground diameters where future tree height is zero-- 
which represent stems of advance oak reproduction that died during the 
first 10 years after clearcutting. Because tree heights are never nega- 
tive, we have a dependent variable that is constrained or limited to zero 
or positive values, Hence, future tree height is a limited dependent 
variable. 

In the regeneration stage of 
stand development, high mortality 
rates over a range of independent 
variable values produce numerous 

* - . observations with zero values of .). . I) future tree height. This charae- 
teristic of the data destroys the 
linearity assumption so that the 
least squares method is clearly in- 
appropriate in simultaneously mod- 
eling mortality m d  growth. And 
using least squares regression on 
only the survivors fails to account 
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Prehorvest Ground Diometer (in.) 
for- tree mortality. Tobin (1958) 
demonstrated that regression based 
on maximum likelihood estimators is 
more suitable for modeling when the 

ee oak rreproduc- data are comprised of limited de- 
pendent variables. 

presents 1 lo 441 observations-) 
A Tobit Regmeration Mdel 

Although many Tobit models were 
considered, we found that the "best?' one was a 312 power trmsformation of 
the dependent variable, height at age 10, regressed on the set of indepen- 
dent variables that included preharvest initial ground diameter, preharvest 
height, aspect and slope position* The model is: 



where Ht = tree height 10 years after harvest (ft), 
Di = initial growd dimeter for stem i (inches), 
Hi = initial total height for stem i ( f t ) ,  
DiNi = interaction between Di and Hi, 
Aspectl = indicator variable for aspect, 
Aspect2 = indicator variable for  aspect, 
Slopel = indicator variable for slope position, 
Slope2 = indicator variable for slope position, 

Std. error = 27.653. 

In the ordinary application of regression cmalysis, we are usually 
trying to estimate the mean response given sow set of initial conditions 
and thus the regression equation is the final. product of our effort. But 
in the present application, we are more interested in predicting height 
distributions thm in predicting expected future mean heights. This is 
because of the large variation about the mean for any given initial size 
and the resulting lack of predictive utility in the mean, -- per se. In the 
advance oak reproduction exmple in F i ~ r e  1, the regression line estimates 
the expected future mean height at age 10 for a given size of advance re- 
production. However, a given stem of advmce oak reproduction may grow to 
a larger or smaller height than the future mean height or the stem may die* 
Thus, in our application we need a model that can estimate the probability 
of an individual tree growing to a given future height ,  each of which is 
distributed about the regression derived mean, At the same time the model 
must accownt for mortality. 

For the Tobit model, the distribution of all. possible future heights 
about their mean is, by assumption, the normal distribution, Fipre 2 
illustrates hypothetical normal distributions of future heights about the 
Tobit regression mean for two different initial ground dimeters. The por- 
tion of the normal distribution associated with future heights less than 
zero represents the proportion of advance reproduction of a given initial 
size that will die during a specified period. Moreover, as initial tree 
size increases, the area under the normal curve that represents living 
trees increases and the area representing mortality decreases* This re- 
lation is consistent with the general expectation that: (1) the probability 
of mortality decreases as initial size of advmee reproduction increases 
(Sander 1972); and (2) as a corollary of (I) ,  the probability distribution 
of the future size of a surviving tree becomes increasingly normal-like as 
initial reproduction size increases. The latter expectation is paralleled 
by the increasingly normal-like diameter distributions of populations of 
surviving trees in even-age stands as stands age and as the probability of 
individual tree mortality concomitantly decreases (Schnur 1937 and numerous 
other stand tables). 



To generate a predicted future height distribution, the standard normal 
distribution vas used to estimate the probabilities that a given size of 
advance s& reproduction on a given site will grow into specified future 
height classes. To do this, we used the original observations on aspect, 
slope position, and initial ground diameter and height for each of the 
study trees to generate future height distributions- For each stem of ad- 
vmce reproduction, we computed the mean predicted height at age 10 using 
the Tobit equation, Then we standardized the distribution of future 
heights about the regression line using the value of the regression mean 
and the varimce. The standard normal distribution was then segmented into 
tenth-year height classes. The area under the starrdard normal curve for 
each sepent of the distribution defined by a given height class thus rep- 
resents the probabili ty that a stem of advance reproduction of specified 
initial size on a specified site will grow into that given height class. 

This procedure is illustrated in F i ~ r e  3 for a simplified, hypothet- 
ical regression of future height on initial growd diameter, where a 3-ft 
height class interval is used to illustrate the division of the normal dis- 
tribution into segments to facilitate computing the probability of a stem 
growing into that height class. b t e  that the portion of the normal dis- 
tribution lying below a. future height of zero represents the probability of 
mortality. Figure 3 also illustrates the computational process for deter- 
mining the future height class arnd mortality probabilities for a single 
tree. Note that a tree with an initial ground diameter of 0.4 inch will on 
average grow to a future height of about 3 ft based on the Tobit regres- 
sion. But in reality, a tree may grow to be my possible future height or 
it m y  die. For exmple, what is the probability that this tree will grow 
into the 3- to 6-ft height class? To calculate this, we must first deter- 
mine the probability that it will grow to be less thm 3 ft. Then we must 
calculate the probability that this tree will grow to be less than 6 ft. 
The result of subtracting these two probabilities is the probability that a 
tree with a 0e4-inch ground diameter will grow into the 3- to 6-f t height 
class. This procedure is repeated for each height class* Each study tree 
is similarly projected and allocated probabilistically to the various 
height classes* The probability of mortality, the area of the normal curve 
under the 0 height line, e m  be ignored because in this application we are 
only interested in the future height distribution of Living trees. Nowev- 
er, the area mder the entire normal curve, including the mortality sector, 
sums to 1.0, or 100 percent. 

After predicting the future mean height of each of the study trees us- 
ing the Tobit regression equation and allocating each tree probabilistic- 
ally to the various height classes, the grobabili ties are sumed by height 
classes to produce a predicted population height distribution. Summation 
of the probabilities allocated to that portion of the normal distribution 
defined by a future height of zero or less would produce rn estimate of the 
nmber of trees expected to die during t he  first 10 years after harvest. 
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Height Height distribution Calculated Tabled 
class Observed predicted chi square chi square 

Mortality 
0-6 
6-12 

12-18 
18-24 
24-36 

- (nwnber of trees) --- 

The discrepancy between observed and predicted is due to rounding er- 
ror i n  the predicted distribution, 

For 5 d . f ,  at 0.95, 



Because we did not have an independent data set, we compared the height 
distribution predicted by the Tobit equation to the observed 10th-year 
height distribution of the study trees. Based on chi square, we found t ha t  
there was no significant difference between predicted a d  observed height  
distributions for 6-ft height classes (a =Oe05) (Table 1). 

However, selecting the width of height class intervals is arbitrary and 
can affect the outcome of the chi square test* Although we predicted dis- 
tributions using several height class intervals, 6-ft classes produced the 
best fit to the observed height distribution among those intervals tested. 

The Tobit model facilitated generating a future height class distribu- 
tion similar to the observed tenth-year height distribution o f  oak repro- 
duction. Because Tobit models can predict both growth and mortality simul- 
taneously, they provide a flexible foundation for generating future height 
distributions. Our objective is to develop this methodology to generate 
diameter distributions of stands that are approximately 20 years old based 
on greharvest inventories of advance reproduction and overstory trees. The 
resulting models could thus provide tree lists suitable for input into ex- 
isting growth and yield models. 
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GROWTH AND YBELD COMPARISONS FOR U P r N D  OAK STANDS 
IN THE BOSTON MOUNTAINS OF AWWNSAS ' 

David t. Grainey and Paul A* Murphy 

Abstract. Equations for basal area growth and total cubic-foot 
stmd voLme of even-aged upland oak stands in the Boston Mswtains 
were compared with equations published for staslds in the Central 
States* The basal area growth a d  stand volume equations for the 
Boston Mountains were developed using data from 87 stocking plots 
installed between 2976 and 1981, The same merchavrtability limits 
and volume computation procedures used in the Central States were 
followed in compiling the basal area growth and stmd volmes for 
the Boston Mountains data. Differences wre fowad in the equations 
for both basal area growth and stmd volwnes. Divergences in stand 
volmes were more pronounced when regional taper curves were used 
to compute tree volumes for the Boston Mountains data, Differences 
in the data sets with respect to stand age, site quality, and in- 
growth and mortality rates may account for the differences. Use of 
the Boston Mountains equations with stmd volumes derived from re- 
gional tree-taper curves is recornended when growth and yield es- 
timates are desired for that region* 

Uplad hardwoods (o&-hickory 
and oak-pine forest types) consti- 
tute more thm TO percent of the 
eomercial forest land in the mid- 
south region, Yet despite this 
sizable uplmd hardwood resource, 
there is no published information on 
stocking, growth, and yield for mid- 
south hardwood stands. Scburfs 
(1937) yield tables, developed from 
unthinned stands throughout the 
Eastern United States, have been the 
main source of information for yield 
of uplslnd oak stands. Published 
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growth m d  yield relationships for 
managed oak stads in the Central 
States (Bale 1972, Hilt 1985, Shid- 
ley 1987) could be valuable to land 
mmagers in the midsouth, but it has 
not been established that growth and 
yield response to thinning in the 
Central States is the s m e  for up- 
lmd hardwood stmds in the mid- 
south. Between 1976 and 1981, the 
Southern Forest Experiment Station 
Research Project at Fayetteville, 
Arkansas, installed a stocking study 
(Graney 1980) on Qzark National For- 
est lands in the Boston Mountains of 
northern Arkdnsas (Fig. I). The ob- 
jective of the study i s  to evaluate 
growth and yield response o f  upland 
oak stmds to thinning.  

The objectives sf this paper are 
to: (I)  compare basal area growth 
m d  stand volume equations developed 
for upland oak stands in the Boston 
Mountains of A r h s a s  v i t h  upland 
oak stand models published for the 



Central States (Dale 1972); and (2) evaluate the use of regional tree-taper 
equations for determining upland oak stand voluntes for the Boston 
Mountains 

a Study Description 
i J Boston Mountains Study 

This study is based on 87 
permment 0.25- to 0.5-ac plots 
distributed across the Boston Moun- 
tains. Stad age at the time of 
initial thinning varied from 11 to 
75 years. Site indexes (Schnur 
2937, Farrar 1985) for northern red 
or black oaks (Quercus rubra L. or 
Q I  velutina M.) rmged from 46 to - 
82 f t  (base age 50)* All plots 
were established in fully stocked, 
even-aged upland hardwood stands 
that showed no evidence of recent 
fire or cutting. 

Measurements consisted of a complete inventory of trees larger than 0.5 
inches dbh measured to the nearest 0.1 inch. Total height of sample trees, 
which were selected at random in proportion to the number of stems in each 
1-inch dbh class before and after thiming, was obtained for each plot. 
Four levels of stocking were created by thiming. Residual stands were 
left with 40, 60, 80, or 100-t- percent of full stocking based on Gingrichts 
(1967) tree-area equation for uplmd oak stmds. Thinning was mostly from 
below. Culls and poor-quali ty stems were removed first , then intermediate 
and suppressed trees of low quality and vigor* High-quality, desirable 
species were cut only to attain the residual stoeking goal and a uniform 
spatial distribution. 

Although 43 tree species are represented on one or more plots, black, 
northern red, and white (Q. alba L.)  oaks account for 86 percent of the to- 
tal basal area over all gotsyfter thinning (Table 1). Plots on site in- 
dex 50 and 60 are predominantly white oak; those on site index 70 are mixed 
red and white oak; and those on site index 80 are predominantly red oak 
(Table 1). Other desirable species such as black cherry  runus us serotina 
Ehrh.), white ash (Fraxinus mericana L.), and black walnut (Juglans * 

L . )  are present only as scattered individual trees on most plots and ac- 
count for onlv about 3 Dercent of the total basal area. Hickories (Carya - " 

spp. ) and blackgum ( 
* 

sylvatica March.) plus other species represent 
8.5 percent of the total basal area af ter thinning, but these species are 
more common in the midstory and understory positions on most plots (Table 
1) * 

Central States Study 
Dalefs ((1972) upland oak equation system was developed from data on 154 

permanent-growth plots established as part of eight growth studies repre- 
senting upland oak stands in Iwa, Kentucky, Missouri, a d  Ohio. Individ- 
ual studies were installed between 1949 and 2962 and represented 5 to 12 



Table 1. Percatages of nmkrs of trees andl h a 1  ar by site class a d  
species paupE for  Bcllston Homtain study a f t e r  E i r s t  thinniw. 

Site Group 1 Croup 2 Group 3 Group 4 Group 5 
index Noe Basal No. Basal No. Basal No. Basal No. Basal 

trees area trees area trees area trees area trees area 

All 
sites 41.1 47.6 22.2 38.3 3.1 2.5 20.3 8.5 13.3 3.1 

Group 1: White oak. 
Group 2: Black oak, northern red oak, southern red oak. 
Group 3: Ash, basswood, black cherry, black walnut, cucumber tree, 

shortleaf pine. 
Group 4: Beech, blac blackjack oak, black locust, chinkpin oak, 

elm, hackberry, hickory, post oak, red cedar, sugar maple* 
Group 5: Blackhaw, buckeye, devil's walkingstick, dogwood, Indian 

cherry, hophornbem, mulberry, Ozark chinkapin, papaw, per- 
simmon, redbud, red haw, sassafras, serviceberry, spice bush, 
tree huckleberry, umbrella ma~olia, wild plum, witch hazel, 
miscellaneous wderstory. 

years of growth. Initial stand age varied from 22 to 90 years. Site in- 
dexes--based on Schnurfs (1937) curves for upland oaks--ranged from 55 to 
89 ft (base age 50). All plots represented fully stocked, even-aged upland 
oak stands that showed little evidence of recent Eire or logging, Four or 
more density levels were created by thinning. Cutting varied from very 
light or none to removing 70 or 80 percent of the original basal area. 
Stands were thinned to leave a suitable number of the best stems as evenly 
spaced as possible over the plot. Species composition varies widely among 
studies, from white oak in the Kentucky studies to almost pure black oak in 
the two Missouri studies. Over all plots, upland oaks represent at least 
90 percent of the total basal area after thinning. 

sis 

For this analysis, some 87 plots were available; 68 plots had two 5- 
year growth periods, and 19 had one 5-year growth period for a total of 155 
growth observations. Plot basal area per acre was calculated for all live 
trees 2.6 inches dbh or larger for each plot measurement. Net annual basal 



area growth for each period was calculated by subtracting the initial basal 
area from the ending basal area and dividing by the growth period. The av- 
erage basal area for the growth interval was calculated by averaging the 
beginning and ending basal areas. Average age was also calculated as the 
mean for the growth period. 

Several conventions were observed to make the results comparable: (1) 
the same threshold diameter of 2.6 inches was used; (2) the sme  definition 
of tree total ft3 volume was observed; (3) plot height-dimeter curves were 
constructed for the same species groups; and (4) the same total f t 3  volume 
equation was used to calculate tree volumes for plot volme s 

Individual tree volumes-- f t 3 ,  outside bark, from ground bevel to tip, 
excluding brmches--were calculated by two different procedures. In one 
procedure, they were computed from the total ft3 volume equation developed 
by Dale (9973) to ensure that the results sf the Boston Mountain study 
would be comparable to those for the Central States (Dale 1972) * I n  the 
second procedure, tree volumes were calculated using individual species 
tree-taper curves developed by Clark et al. (in press). I f  a taper equa- 
tion was not available for a particular species, one for the genus or ap- 
propriate species group (for example, the red oak group) was used instead. 
Lacking this option, volume was calculated using equations developed for 
soft hardwoods or hard hardwoods as appropriate* 

Both techniques required total tree height and diameter. Separate 
height-dimeter curves were constructed for red oaks and white oaks at each 
plot measurement. Non-oak species were combined with the red o& group. 

Plot volumeslae were determined fo r  each measurement by suming  the 
volumes of all live trees 2.6 inches dbh or larger. Average plot vol- 
umes/ac for each growth period were calculated by averaging the beginning 
and ending volmes. Note that these average volumes include ingrowth and 
mortality for the period. Plot volumes were summarized for  both tree- 
volume computation procedures. 

Mathematical Models 
The models (Dale 1972) for basal area growth and average total f t 3  vol- 

ume are, respectively: 

where, Bg = net annual basal area growth ( f  tz/ac) for trees 2.6 inches 
dbh or larger, 

B = average basal area (ft2/ac) in trees 2.6 inches dbh or 
larger, 



A = average stand age in years, 
S = site index (ft, base age SO), 
V = average total ft3 volumelac in trees 2.5 inches dbh or 

larger, 
bi = coefficients to be estimated for basal area growth equation, 

and 
ci = coefficients to be estimated for volwne equation. 

Equations [I] iz~d f 21 were solved as a system of equations using non- 
linear seemingly unrelated regressions (SAS Institute 1984). This tech- 
nique does not account for possible serial correlation between growth ob- 
servations on the sme plot; no procedure to account for this potential 
error structure was available for the analysis. The first fitting used 
data in which the tree volmes were calculated by DaPeFs (1973) tree-volume 
equation, This data set will be called "Boston Mountains-combined spe- 
cies* f f  The second fitting used data in whish the tree volumes were calcu- 
lated using tree-taper equations developed by Clark et al. (in press). 
This data set will be called ffBoston Mountains-individual species.ff 

Table 2 shows the goodness-of-fit statistics for equations [I]  and [ Z ] .  
Note that the coefficients of determination. for basal area growth are high- 
er for the regressions of the two Boston Mountains data sets than for the 
Central. States data sets. However, the average ual basal area growth 
rates for the Boston Momtains and the Central States are virtually iden- 
tical at about 1.8 ft2/ac. The coefficients of determination are not mark- 
edly different for total stand volume, equation [2] ,  for the three data 
sets. 

Coefficients of determination were also computed for the Boston Moun- 
tains-combined species data set using the Central States coefficients. The 
coefficients of determination are 0,494 for basal area growth and 0.793 for 
total ft3 stand volume* These are much poorer than the coefficients of de- 
termination for the fitted equations £0; the Boston Mountains data (Table 
2) * 

The coefficient estimates for the Boston Mountains data sets agree in 
sign with those for the Central States for both basal area growth and stand 
volume (Table 3), but there are some divergences in magnitude. Note that 
the coefficient values for equation (2) differ simificmtly for the two 
Boston Mountains' data sets. 

Figure 2 compares basal area development of upland oak stands in the 
Central States with that in the Boston Mountains using regression results 
from the combined-species data set, hich conforms more closely to the 
Central States data. Note that for the three initial basal areas and the 
two different site index classes shown, basal. area development in the 
Boston Mountains apparently outpaces that in the Central States for ages 
50-60 years. Although the difference in growth for my single year is not 
great, it increases over time. 



s-of-fit statistics for basal area growth and tord 
for Central States and Boston Mountains of 

Equation Mean of Coefficient of Root mean 
nunber dependent determination square error 

variable 

Central States* 
( 1 )  1,80 0.518 0.733 
( 2 )  7.463 ,984 ,064 

Boston Mountains-combined species 
( 1 )  1.81 ,772 .571 
(2) 7.727 .969 .089 

Boston Mountains-individual species 
( 1 )  1.81 .772 .571 
( 2 )  7.666 .984 .075 

* Source: Dale 1972, table 11, 

fficients for basal area g-rowth and total. vsl 
for Central States and Boston Mountains of kkansas. 

Coefficients Central States* Boston Mountains 
Species : 

combined individual 

--------------- Basal area growth --------------- 
-0.8 -0.79510 -0 79521 

3.6852 2.4632 2.4999 
-0.75 -0.64447 -01 64812 
0,011383 0.27849 0.26740 

-1.05 -1 7474 -1.7384 

* Source: Dale 1972, table 11. 



Age (Years) Age (Years) 
t for eva-aged 

stmds from ages 50-60 omtains 
States, g i v a  different i a d  s i t e  

Possible Explanations for Differences 
There are several possible reasons for the differences in predicted ba- 

sal area development, one of which is mortality and growth characteristics. 
Dale (1973) recorded an average annual ingrowth rate--that is, the ratio of 
the number growing past the 2;6-inch dbh fhreshold to the average number of 
trees/ac--of 0*0063* The ingrowth rate for the Boston Mountains data was 
0.0136, twice as high as that for the Central States. The average annual 
mortality rate--the ratio of the number of trees dying to the average num- 
ber of trees--for the Central States data sets was 0.0092, whereas the av- 
erage for the Boston Mountains was 010109. The net ual change in 
trees--ingrowth rate minus the mortality rate--is negative for the Central 
States, whereas the net change for the Boston Mountains is positive. This 
small overall increase in stems might boost basal area growth, albeit very 
slightly. 

Initial stand characteristics also differ. The average initial ages 
for the Central States data sets ranged from 22-90 years, with a good rep- 
resentation within this range* Ages in the Boston Hountains data set 
ranged from 11-75 years, but nine plots were I1 years old, and the rest 
varied from 33-75 years. Site indexes for the Central States ranged from 
55-89 f t and averaged 69 ft (calculated by weighting the midpoint of the 
ranges of each data set by the number of plots); site indexes for the Bos- 
ton Mountains ranged from 47-82 ft and averaged 64 f t * Overall, site in- 
dexes were poorer for the Boston Mountains. Site indexes for the Boston 
Mountainsf plots were based on height and age measurements taken from nor- 
thern red and black oaks; no white oaks were used. Because the site index 
for the northern red and black oak is 3-5 f t higher t h m  for white oak on 
the sme location, the Boston Mountains site indexes may be somewhat higher 



than equivalent Central States plots if the Boston Mountains site indexes 
had been based on white oak. This difference might be especially signif- 
icant, because the b, coefficient in equation [I], which showed the great- 
est difference, acts on a site variable. 

hother explanation might be different species mixtures* The Boston 
Mountains data set has a more tolerant unders tory--as evidenced by greater 
percentages of species in groups four and five--than the Central States 
data sets. The Central States studies were installed in stands that had a 
short history of fire protection, about 20 to 30 years, and a tolerant un- 
derstory had not yet developed fully (Dale 1990). 

Figure 3 depicts stand development in total cubic volume by site index 
and stand age over a 10-year period. For site index 50 ft, the three 
volume estimates diverge appreciably, and this divergence increases with 
increased initial basal area. The relative ranks of the estimates do not 
change. Vhen site index is 70 ft, however, Central States volumes are close 
to those for Boston Mountains-individual species. As initial basal area 
increases, Central States volumes coincide with those for Boston Mountains- 
combined species for initial densities of 60 ft2, and then surpasses both 
when initial basal area is 80 ft2. The relative positions of the Boston 
Mountains estimates do not change, but they do diverge with increasing in- 
itial basal area. 

Note that the basal area growth equations were used to obtain ft3 vol- 
ume development, and that the differences in basal area projections are 
imbedded in the volume estimates. However, there also seem to be intrinsic 
differences in the volume estimates. Some of the reasons for differences 
in basal area estimates can be advanced for volume projections as well, As 
with basal area, the coefficient for site index in the stand volume equa- 
tion [ 2 ]  has more impact for the Boston Mountain data sets than for the 
Central States (Table 3). 

Equation [ 2 ]  for the Boston Mountains-individual species data set pre- 
dicts less volume than for Boston Mountains-combined species (Fig. 3). 
This difference can probably be attributed to the tree-volume computation. 
Table 4 compares individual tree volumes after the initial thinning calcu- 
lated by the tree-volume equation with those calculated by the tree-taper 
curves. The tree-volume equation predicts about 0.4 ft3/tree more than 
does the tree-taper equation for all species, and the paired t-tes t indi- 
cates that the volumes are different (p = 0.0001). The tree-taper volume 
estimates are probably more precise because they were developed from a data 
set that, included samples from the Boston Mountains and can account for 
species differences. Therefore, their use is recommended for the Boston 
Mountains area. 

Despite painstaking efforts to minimize differences in computation pro- 
cedures, the basal area growth and total stand volume models for the Cent- 
ral States (Dale 1972, 1973) and those for the Boston Mountains-combined 
species data sets still produced different estimates. Although several 
plausible reasons can be advanced for these differences, none can be proven 



St-50 feet - Central States 
---.,. Boston Mountains 
.'....... ccmbinsd species 

lndMdual species 

Si = 70 feet 

50 51 52 53 54 55 56 57 58 59 $0 
Age (Years) 

Figure 3. Total volune development for even-aged upland oak stands from 
s in the Boston Mamtains and. t-d states, giva dif- 

ferent initial basal site indexes. 

Table 4. bmparison of tree vo s calculated by combined species 
volume equation versus volumes calculated using individual species 
tree-taper equations for Boston Homtain study. 

Species 
group 

Number of trees Difference 
Mean Standard deviation 

Abl species 9,616 '40 . 37 

Group identities are the same as those provided in Table 1. 

Difference = combined species volume minus tree taper volume. 



to be the real cause. Perhaps comparing growth and yield between different 
studies is inherently hazardous. 

I f  a user wants basal area growth and total volume estimates for even- 
aged upland oak stands in the Boston Mountains, we recommend using the 
equations developed from the Boston Mountains-individual species data set 
(which uses volumes computed from tree-taper curves). The simple two- 
equation growth and yield system described here does not provide mswers to 
questions of yields for other merchantability limits and volume measures. 
However, further analysis is being done with the Boston Mountain data, and 
more comprehensive growth and yield information will be developed. 

Work was done in cooperation with the Department of Forest Resources 
and Arbsas kricultural Experiment Station, University of Arkansas at 
Monticello. 
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GENERATION OF A NEW TYPE OF STOCKING GUIDE 
THAT REFLECTS STAND GROWTH " 

Abstract. A simple method was developed to prepare stocking guides 
based on predicted growth* A growth and yield model for southern 
Appalachian hardxood forests in North Carolina and Georgia was used 
to generate the stocking pides. Although the stocking guides are 
presented on the typical axes of basal area versus number of trees, 
the lines represent predicted growth ratfter than an arbitrarily de- 
fined stocking percentas. The results indicate that stocking 
guides should vary according to product goals and species composi- 
tion; the pattern s f  growth does not change appreciably with site 
index and age. Guidelines on practical use of the stocking guides 
are given, 

The Gingrich (1967) form of 
stocking guide is very useful when 
maicing decisions regarding thinning 
even-aged stands. The USDA Forest 
Service (undated) has accepted the 
Gingrich guide as the standard for 
stand density management. The bas- 
ics of the Gingrich guide are: (I) 
the X-axis is trees per acre; (2) 
the Y-axis is basal area; (3) the 
Z-axis Is stocking, represented as 
contour Pines of equal stocking. 
Three contours of stocking are high- 
lighted-- the A-line represents av- 
erage maximum stocking, the B-line 
represents minimum stocking for full 
site utilization, and the C-line 
represents stands that will achieve 
the B-line after 10 years of growth 
on average sites. Stands above or 
below the A-line should converge 
toward it, Growth in total volume 

Paper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, m, Oet* 30-Nov* 
1, 1990* 

Research Forester, Southern Forest 
Exp. Sta., Stoneville, MS. 

or basal area should be more or less 
equal between the A- and B-lines 
(Gingrich 1967). The choice of re- 
sidual stocking should be between 
the A- a d  B-lines, with the approp- 
riate level determined by grodue t 
goals. 

The Gingrich stocking guide is 
based on a number of assumptions, 
some of which were stated by Ging- 
rich, rurd others that were not. 
These assumptions are listed below: 

1. Stocking is independent of site 
quality . 

2. The stocking guide is indegen- 
dent of stand age. 

3. The stocking guide is indepen- 
dent sf species compositione 

4 ,  Stocking is directly related to 
growth in volume or value. 

5. Stocking wide e m  be used for 
a variety o f  product goals. 

6. The stocking aide is indepen- 
dent of stmd structure. 

I f  the stocking guide is inde- 
pendent of a given factor, the A- 
m d  B-lines should be in the approp- 
riate place regardless sf  the level 
of the factor, Leak (1981) found 
that observed cubic foot volume 



growth did not relate well to the B-line of the stocking guide for northern 
hardwoods, upland oaks, and eastern white pine. As growth in total wood or 
basal area should be constant between the A- and B-lines, the concept of 
the Cingrieh stocking guide is explicitly related to growth. There is a 
more fmdmental implicit relationship between stocking percentage and 
growth* I f  stocking, as represented by the distance a given stand is from 
the B-line, is not related to stab growth, then the mide is useful only 
as a mems to track stand development; it would have no use as a tool to 
determine appropriate stmd density. Furthermore, Leak (1981) found that 
the inadequacy sf the B-line depended on site index and stand age* LeakPs 
findings shed doubt on assmptions 1, 2, and 4. 

Chisman m d  Schumacher (1940), Roach (1977), Tubbs (19771, Stout and 
Nylastd (f98Q), among others, have observed that species composition must be 
addressed when determining stocking* This findislg invalidates assumption 
3. 

Growth in total volume or basal area should be relatively constant be- 
tween the A- a d  B-lines (Gingrich 1967). However, by changing the product 
goals, one changes the merchantable volume growth which is proportional to 
the s i ze  of the trees. Thus, for a given number of trees, total cubic foot 
volume growth may be relatively constant over some rage in basal area. 
However, board foot volume growth will not be constant over this same 
range. I f  a stand is located a given distance from the B-line, total cubic 
foot volwe growth will be some proportion of the growth at the B-line. The 
board foo t  volume growth will be a different proportion of the growth at 
the B-line. Thus, the consequence in lost potential growth varies for 
different products* This fundmental relationship invalidates assumption 5. 

Gingrich (1967) observed that stand structure (shape of the diameter 
distribution) affected stocking only slightly, so he could ignore it for 
the stands he considered. Thus, assumption 6 is false, but it may not be 
importat for some types of forest. 

Leary m d  Stanfield (1986) arad Leary a d  Stephans (1987) have tried to 
improve the format of the stocking guide. Leary m d  Stanfield (1986) ob- 
served that the Gingrich stocking guide did not provide information on the 
future grsnth of the stad, therefore, they included a direction field that 
indicates the chmge in basal area and number of trees over a 10-year per- 
iod. Thus, Leary and Stwfield" ((1986) auflented stocking guide provides 
information on basal area growth and the trees per acre and basal area of a 
stmd 40 years hence. 

Leary and Stephalns (1987) attempted to provide a sirnple way to project 
stmd basal area over time. Because they graphically present all informa- 
tion required t s  m&e decisions about stand density over time, their graph 
is a stocking wide. As in the Gingrich guide, the U-=is of their graph 
is basal area- However, the X-axis is stand age and the Z-=is is basal 
area growth* Leary and Stephans (1987) also superimposed a line that reg- 
resents the  optimal stand density over time and mother directional field 
for basal area growth. Thus, all the elements required for stmd density 

agement are presented. The optimal line indicates where a fnanager would 
like a stmd to be, the Z-axis (presented as a contour plot) provides 
information sn the basal area growth for a given stand, rznd the direction 
field indicates how the stmd will develop. 



In this paper an approach similar to that of Leary and Stephans (1987) 
is taken, but GingrichFs X-axis = trees per acre is retained. If a combin- 
ation of basal area and number of trees is a better indication of stand 
density than basal area alone, or if the size of the tree is more indica- 
tive of the capacity to grow than its age (keeping other variables cons- 
tant), then trees per acre is a more appropriate X-axis. Curtis (1970) 
indicated that basal area, by itself, is not a good indicator of density. 
Morris (1948) has shown that size is sometimes more indicative of ontogeny 
thm age. 

Here, predicted cubic foot volume growth was chosen as a Z-axis rather 
than basal area growth as Leary and Stephans (1987) did. A manager is 
likely to have more interest in volume growth than in basal area growth, 
because volume is sold, not basal area. Ideally, value growth would be 
preferred; however, the model utilized here present species groups that 
each consist of several species of different value. Information was lack- 
ing on the typical composition of the species groups and the value of the 
individual species in the geographic region covered by the model. 

In this paper I address assumptions 1 to 5 and present an alternative 
that does not rely on them. The emphasis is on presenting a way to look at 
stocking @ides, rather than on producing usable stocking pides. 

Predicted cubic foot growth was estimated from the growth and yield 
model of Bowling et al. (1989). The model, which predicts growth of Appa- 
lachia hardwoods in the Blue Ridge physiographic province of North Caro- 
lina and Georgia, has a diameter distribution structure that allows five 
species groups. This structure is relatively simple for a model that con- 
siders multiple species and was chosen primarily for that reason. However, 
the model does have drawbacks. A relatively small data set was used to fit 
the model, which has not been extensively used and tested. The model is 
used to represent the true world and the model output is used to assess as- 
sumptions 1 to 5. The inferences made in this paper are based on the as- 
sumption that the model represents the truth, an assumption that is tenuous 
for any growth and yield model. It would be equally justifiable to test 
the reliability of the model by how well it reproduces a stocking guide 
(Brand and Leary 1988). 

Five stocking graphs were produced, based on different stand condi- 
tions. The first graph is considered a baseline for comparisons; each of 
the other four has one stand characteristic that is different from the 
baseline conditions. The stand conditions for the five graphs (A-E) are 
listed in Table 1. 

Using each of the five conditions listed above, 36 model runs were made 
by varying basal area and trees/ac. The levels of basal area were 40, 55, 
70, 85,  100, and 115 ft z/ac. The densities were 50, 175, 300, 425, 550, 
and 675 treeslac. Some of the combinations of basal area and density gave 
poor results and were dropped. The program produced errors for stands with 
large quadratic mean diameters. 



Table 1. Stand conditions for stocking graphs A through E. 

Graph , Age S i  te TOP Species Basal Nmber of 
index diameter area trees 

-yr- -- inch -- -...------ percent ------- 

A 30 75 3 Red oak 25 
-*ite oak 26 
Intolerant 28 
Tolerant 12 
Miss, 9 

3 Wed o& 25 22 
m i t e  o& 26 25 
Intolerant 28 24 
To1er;t.n t 12 20 
Misc. 9 10 

3 Red oak 25 
mite oak 26 
Intolerant 28 
T o l e r m t  12 
Mist, 9 

E) 30 75 3 Wed o& 10 10 
White oak 11 13 
Intolermt 70 60 
Tolerm t 5 11 
Misc. 4 6 

The model runs provided 30 to 34 data points for density, basal area, 
and 10-year f t volume growth (X-, Y-, and Z-axis, respectively) f o r  each 
graph. Rather than plot these raw Z-values, a quadratic function was fit- 
ted in trees/ac and basal area to smooth f t 3  volume growth and the smoothed 
contours were plotted. Other parametr ic  or nonparmetric methods could be 
used to smooth Z over the X-Y axes. The quadratic funct ion was selected 
because it provides relat ively s imple  surfaces. The true surface is some- 
what more complex than that  represented  by a quadratic function. A simple 
surface was chosen because the purpose of t h i s  paper is to present ideas, 
not to present a usable stocking wide. 



A hand-dram line was superimposed (although a more tormal optimization 
wuld be preferred) that represents the basal area at which volume growth 
is maimized for  a given number of trees. This line is the maximum growth 
line. If the eontour surface is an ellipse, the line should represent an 
axis of t he  ellipse. The line is an aid in d i n g  comparisons among the 
five graphs. Because the contour surface is a quadratic, the line should 
be straight * However, the hmd-drawn line was placed with respect t o  the 
rav data and thus it is not necessarily straight. This line could be in- 
terpreted as a thinning decision line h e n :  (I) a stmd is much above the 
kine a d  thinning would probably be beneficial; (2) when a stmd is much 
below the line mad thinning would probably be detrimental, When a stmd is 
close to the Sine, the decision would not be as clear because the decision 
to thin could have rn impact well past the 10-year growth period considered 
in this s tudy*  

The five stocking graphs are included in F i p r e s  la to le. Figure la 
is t he  baseline graph, The maximm growth line varies from about 70 ft2 of 
basal area in small-diameter stads to about 80 in large-dimeter stands. 
The contours decrease more or less symetrically from the maximum growth 
line, as would be expected from a quadratic surface. 

As site index is increased (as represented in Fig, I b ) ,  the stocking 
graph chmges very little. The maximum growth l i n e  has, perhaps, a slight- 
ly greater negative slope thm in Figure la, but it is in the s m e  general 
region of basal area. The shape of the contours md even their mapitude 
is very similar to those in Fimre %a--this result was not expected. Eit- 
her appropriate residual stocking is insensitive to site index, or the mod- 
ek used does not reflect t h e  real worlde 

A s  age is increased from 30 to 60 years, the location of the maimurn 
growth line m d  the shape of the contours chmge little (F ig ,  Ic). The 
mamitude o f  the contours does chmge, Growth is approximately halved by 
doubling age, However, if relative growth (f t3 volume growth as a gercent- 
age of the maimurn growth observed within the ranges of basal area and den- 
sity) were plo t t ed ,  F i e r e% la, lb, and Ic would be very similar. This 
finding indicates that it may be possible to use some stmdardized measure 
of growth whereby a stocking guide would be independent of site index and 
age. Thus, asswptions 1 a d  2 could bold for an appropriately developed 
stocking wide. This potentially importarat finding should be pursued. 

The stocking graph does chiange drmatically when the proportion of in- 
tolermt trees is increased (Fig. Id)- The shape and magglitude o f  the con- 
tours are chmged. Although a mwimum growth line is indicated, it is 
placed at the minimm basal area used in the projections. Maximum fr3 vol- 
ume growth was greatest at the lowest basal area for all numbers of trees* 
The w g n i t u d e  of the differences between Figures l a  md Id  is so large that 
it might indicate the  model is poorly conditioned for extreme values for a 
given species group* Nonetheless, these results provide additional evi- 
dence that it is necessary to incorporate species composition i n t o  stocking 
guides for some types of forest, thus rendering assunption 4 false. 



e 1, S k o a ~  mides for Ap@a&ia k d w d s -  ktters a-e eorres- 
pond t o  the different  stand conditions presented i n  the Hethods section. 
The X-=is  i s  treeislac; Y-=is I s  basd t21ae; a d  the Z - s i s  is 
represent& i n  contour Pines of 18-grs f t 3  v 
mre o r  less hor i zon td  l i n e  mpresats the 



In Figure le,  the contour lines represent ft3 volume growth to a 9-inch 
top rather thm a 3-inch top, as in Fipre la. The contours are approxi- 
mately the saafle mapitude as in Figure Pa, but their shape differs. Growth 
decreases more gradually as basal area diverges from the m a i m  growth 
line. Furthermore, the maxim growth line has a positive slope, rather 
than a negative one as in Figure la, The imm growth line is about 25 
f t 2  of basal area higher than the maimm growth line for Figure la. This 
result would imply that asswnption 5 is false and that stocking pides are 
implicitly constructed for a particular product goal. 

There are some general results related to all of the guides. The maxi- 
mum growth Pine vas previously equated to a general thinning decision line. 
The shape of the contours also reflects the type of thiminlg to be conduct- 
ed. A reasona$le approach wauld be to use a method of steepest ascent; 
that is, to thin a stand such that the volume growth is increased by going 
uphill perpendicular to the contours* Depending on stand structure, it may 
be impossible to carry out such a thinning (for example, it may be impos- 
sible to decrease density by 200 trees/ac, but only deerease basal area by 
5); hswever, the strategy seems viable .when it is possible. As mrvtimm 
growth is genaraPly at the very low densities, relatively extreme low thin- 
ning would mwimiae growth for most stands. As long as the stmd is thin- 
ned to  (or  just below) the nnwimuna grovth line, thinning may be reasonable. 
Some common sense is required, hswever: the stand should not be thinned so 
heavily tbat exposure causes degradation in future log value. 

To be meaningful, a stocking guide must be related to stand growth, 
However, the relationship between stand density and growth should be repre- 
sented directly, rather thm through an index of stocking arbitrarily de- 
fined to represent stmd density and that need not be related to stand 
growth. Because a combination of trees per acre and basal area is an ef- 
fective way to describe stand density for most even-aged stands, all tbat 
is required is a way to relate stmd growth to trees per acre m d  basal 
area. Using the s m e  X- and Y-axes as the Gingrich (1967) stocking wide, 
a Z-axis of stmd growth provides a simple way to directly relate density 
to growth* Although the ft3 volume growth is used as a Z-axis, the value 
growth would more directly address the questions of a land manager* Be- 
cause t h i s  work indicates that the shape of the contour surface is similar 
regardless of site quality and age, value growth could be transformed or 
stmdardized, to provide a ~ i d e  that is invariant of site quality and 
stad age. This finding may differ for other growth and yield models* The 
response surface vas very different for different species eomposi tion a d  
product goalso Stocking guides need to reflect these factors. A stocking 
p i d e  could be implemented through a computer program that accepts species 
composition, product goals, and perhaps other factors, m d  generates the 
appropriate mibe* A line that represents the solution to the problem of 
optimal stand dens i ty  over time would be a useful addition to a stocking 
wide. This l i n e  would be unique for stands of differing site quality, 
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AN EXPERT SYSTEM FOR SELECTING AMONG GROWTH AND YIELD MODELS 
FOR LBBLOLLV PINE PUNTATIONS " 

Alfredo Be Lorenze, Jarnes Ee Wotvedt m d  Quang V 5  Cao " 

Abstsact* A prototype of an expert system to select growth and 
yield models for d i n g  s tmd management decisions in loblolly pine 
(Pinus -- taeda L - )  plmtations w s  developed* The rule-based expert 
system consists of logical rules reflecting geographical and tra- 
ditional stmd-level information such as stmd age, site quality, 
stmd density, m d  applied cultural treatments to select the appro- 
priate graweh m d  yield model(s). The system is interactive, user- 
friendly, m d  requires no prior user-howledge about growth and 
yield mdels. Furthermore, the system is modular and therefore can 
be easily modified to include more models and rules in its know- 
ledge base and more variables in the data base. 

Loblolly pine (Pinus taeda L * )  -- 
is currently the most aburndmt m d  
commercially-favored plmtation spe- 
cies in the Southern United States. 
In the Midsouth alone, the volume sf 
loblolly pine growing stock of 26 
percent surpasses that of ;sny other  
single softwood species (McWillims 
and Birdsey 1984)- Efficient m a -  
agement of these forests is imper- 
ative to maramtee an minterrupted 
flow of products from these forest 
stands. In particular, improving 
management on these forest stmds 
will require accurate growth a d  
yield information to make sound man- 
agement decisions concerning stand 
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density, type and intensity of sil- 
vicultural treatments, length of 
cutting cycles, and production 
goals. 

The advent of personal computers 
during the past decade has allowed 
foresters to deal with more complex 
management decisions. The same phen- 
omenon has brought forth the devel- 
opment of computerized growth and 
yield models for various species or 
combinations of species. For in- 
stance, several models have been de- 
veloped for much of the natural 
rage sf loblskly pine, particularly 
in the South. Nan-exhaustive lists 
of the more popular growth and yield 
models developed for loblskly pine 
along with the characteristics and 
range of data values used t o  develop 
the models can be found in Burkart 
et  ale (1981) and Dell (1982). 
Vhereas this tends to have increased 
the array of models available for 
forest mmagers ts choose from, it 
has likewise made the task of selec- 
ting the r igh t  model(s) for various 
combinations of stmd conditions 
more cumbersome. 



A number of criteria m d  practical advice for selecting models have 
been suggested in the literature. Brand a d  Holdaway (1883) offered model- 
ers a frmework for reporting results to better assist users in making 
their choice of models* Buchmm and Shifley (1983) provided a checklist of 
quantitative a d  qualitative criteria to use in evaluating and comparing 
different models. Burbart (1982) suggested specific pointers t o  look for 
when selecting growth m d  yield models. Reports r a g i n g  from descriptions 
of selected models to  comparative studies betwen models (Burkart et al. 
1982) have also been published. In the context of data and accuracy of 
prediction, Davis and J o h s o n  (2987) recommended finding mswers to these 
questions to determine the appropriate growth and yield model: (I)  Are the 
swple data used to build the model from the s m e  geographic area and on 
sites with similar physical characteristics as t he  subject stmds? (2) Is 
there documented evidence to the accuracy of the model? (3) And are the 
modelsC structures logical md consistent with the predic t ion needs and in- 
ventory data available for the subject stands? Dmiels et all (%979),  on 
the other had, suggested considering: (1) the reliability of estimates; 
(2) the flexibility to reproduce desired agement alternatives; (3) the 
ability to provide sufficient detail; and (4) the efficiency in furnishing 
the information when selecting mong models. 

Despite these efforts, there has been no apparent attempt made to stan- 
dardize, much less to automate, the process of selecting growth a d  yield 
models. In addition, none of these earlier efforts sought to recommend a 
single model for specific stand conditions based on c e r t a i n  know bench- 
marks. Instead, they have focused primarily on comparing the estimates for 
the variables including basal area, total volume, and merchantable volume 
generated by the  individual models. 

The number of growth and yield models available to choose from, 
together with the nmber of quantitative and qualitative factors that must 
be considered, suggest that an expert system might be an appropriate tool 
to aupent m y  model selection scheme. Some methodological s t u d i e s  similar 
in nature with the current effort presented i n  this pager have been 
reported in areas outside forestry, such as in statistics and operations 
research/managenePnt science (OR/MS). Goud and "konge (1984) used expert 
systems to identify the most suitable OR/MS techniques to use under certain 
conditions. Hmd (1984) developed an expert system to choose statistical 
models, m d  wide the user through the use of the selected model* 

The objectives of this paper are to: (1) provide an overview of what 
expert systems are, what their components are, and how they are eonstruc- 
ted; m d  (2) describe the design a d  development of a prototype expert 
system for selecting growth and yield models for loblslly pine plantations. 

Expert systems (ES) are among several practical applications that have 
emerged from Artificial Intelligence research* Artificial Intelligence is 
a discipline concerned w i t h  developing intel l igent  computer systems and 



machines and understanding how humans think, reason, and learn (Liebowitz 
2989). Interest in ES has been arowd for several years. Nonetheless, ES 
are variously defined- In this paper, we have adopted Feigenbaum- ddefini- 
tion of an expert system as quoted by Harmon and King (19851, that is, "An 
intelligent computer program that uses knowledge and inference procedures 
to solve problems that are difficult enough to require significant human 
expertise for their soiution.@YSimply stated, ES are desiped to emulate 
the decision-m&ing behavior of a humm expert in a restricted domain 
(Giarratano and Riley 1989). The initial success of ES in the fields of 
medicine and mining explorations might have generated interests in other 
sectors including business, geology, engineering, computer science, fi- 
nance, and natural resources management, including agricultuse anad forestlry 
(Rauscher 1987)* The growing current interests outside the pioneering areas 
of application might be attributed to the need for hadling enormous amount 
of data and knowledge, the potential o f  expert systems as a tool for train- 
ing employees, and the desire for capturing and preserving knowledge and 
expertise which would be otherwise lost due to personnel chaniges. 

Basic Elements of An Expert System 
As shown in Fiwre 1, a typical expert system consists of: (1) an in- 

put/output interface which serves as the comunication link between the 
user and the system where the mode of such an interaction can be menu- 
driven, graphical, or question-and-answer; (2) a domain, invariant infer- 
ence engine which controls the search mechanism of the knowledge base by 
using either a forward chaining or bachard chaining strategy or a combina- 
tion of the two, in an attempt to find a solution; and (3) a domain, spe- 
cific howledge base which is the repository of facts a d  information 
specific to the problem domain. The howledge base would include rules 
describing relations in the domain acquired from the so-called '"exper tsF9 
and sther sources. The rules would be representative of the methods, heur- 
istics (howledge acquired through years of experience and training) and 
ideas relevant to solving problems in the domain of application, 

In an expert system, the knowledge acquired from the ""domain experts'" 
and/or literature can be represented by: (I) means of formulas in first- 
order predicate calculus; (2) use of frames; (3) use of semantic nets; or 
(4) use of production rules in the form of if-then statements. 

inference 

engine 

Expert system shell 

Figwe "I Basic Ekrnents of an Expert System 
(Source: Brat~o 1986) 



Knowledge Engineering 
bowledge engineering refers to the general process of building an ex- 

pert system. The process is basically a three-step procedure, First, a 
problem suitable for ES application is selected. In general, problems 
which are routinely performed, with at least a willing and articulate ex- 
pert and with a known solution, are suitable for ES application. Second, 
the types and sources of knowledge relevant to finding a solution to the 
problem are identified and acquired, Third, the knowledge is represented in 
a chosen representation formalism, and then the system prototype is built, 
tested, and evaluated. 

Unique Characteristics of Expert Systems 
Expert systems are different from conventional computer programs in the 

following ways: (1) ES are knowledge-driven rather than data-driven and are 
commonly non-procedural, hence, more flexible; (2) the knowledge base and 
inference engine are separate and can be more easily modified incremental- 
ly; and (3) they are highly transparent and capable of explaining and jus- 
tifying their recommendations* 

ics of Growth And Yield Models 

A growth and yield model is a system of mathematical equations for pre- 
dicting stand or tree growth for different combinations of stand and site 
conditions such as species, age, site quality, and stand density. The 
growth component refers to the increase in diameter, height, volume, or ba- 
sal area of individual trees or groups of trees during a specified period. 
Yield, in contrast, is the total amount available for harvest at a given 
time (Avery and Burhart 1983). 

Growth and yield models are no longer used solely to predict growth. 
Information generated from these models is increasingly being used to: (1) 
evaluate alternative agement regimes; (2) determine the type, intensity 
and intervals between cultural treatments; (3) determine cutting cycles; 
and (4) project inventories used as inputs to harvest scheduling and 
planning. 

Computer-based growth and yield models can be conveniently classified 
into either: (1) whole stand models which provide total volume per acre; 
(2) diameter distribution models which provide volume by diameter class; or 
(3) individual tree models which essentially grow each tree in the comput- 
er. These categories are described and discussed in Munro (1974), Ek and 
Monserud (1979), and Burhart et al. (1981), to name a few. 

Bn Application in Forestry 

This section describes the problem of model selection, the overall 
structure and desis of the proposed expert system (henceforth called sys- 
tem) for model selection, and the tool used to implement the system. The 
purpose sf the system is to select a growth and yield model appropriate to 
the conditions of a given loblolly pine plantation from available growth 
and yield models. 



The Problem of Model Selection 
As indicated above, mmy growth and yield models have been developed 

for each of the three classif ications for different combinations of stand 
conditions of loblolly pine throughout its natural rrtnge, These mdels 
vary in the degree of complexity, flexibility, type and minimum inputs re- 
quired, and mount of detail in the output they provide. Considering the 
variety sf models available, forest agers would benefit from an expert 
system to assist in determining the right model. The consequences of using 
an inappropriate msdel can be serious because important decisions rest on 
information provided by the sekeeed model. The process of selecting the 
appropriate models thus becomes a critical consideration* 

Model selection can be considered a diapostic problem* The system per- 
forms its diagnosis by asking the user questions about his stand. Then, 
based on the responses to these questions, the system searches the database 
for the models appropriate to the conditions of the subject stand. 

The system was constructed with the followirmg considerations in mind: 
(1) the system should he capable of searching the entire howledge base ef- 
ficiently and fast; 92) the system should resemble as close as possible the 
actual Logical thought process that growth and yield model users generally 
follow; a d  (3) the knowledge base should be easy to maintain and update. 
Consequently, much of our efforts were spent on making decisions concern- 
ing: (1) the type of howledge t h a  should be included in the system; ( 2 )  
the form 06 representing knowledge internally in the program; (3) the stra- 
tegy for searching the bowledge base; and (4) the amount of detail in the 
output. 

Knowledge bwe* The howledge base of the current prototype consists 
of facts and information pertaining to the thirteen models shown in Table 
1. The data reflect information on physiographic region, site type, method 
of site preparation, thinning treatment, age, site index, density, antd out- 
puts. These variables Kere selected because they are comon descriptors of 
growth and yield models and are usually known and provided by model devel- 
opers. Information vas obtained from manuals and other publications about 
the models. This information was coded as "if-thenu rules into four func- 
tional groups corresponding with the input groups shown in Figure 2. They 
are: (I) rules for identifying all models that match the conditions of the 
subject stand with respect to physiographic location, site origin, site 
preparation, md thinning treatment; (2) rules for selecting models that 
provide outpm(s) desired by users; ( 3 )  rules for matching available models 
to the age, site index, and densi ty  measures of the subject stand; and (4) 
rules to rmk the msdeks based on overall scores with respect to evaluation 
criteria, 

The models were each evaluated a d  assigned marks with respect to  each 
of four  criteria, namely, simplicity, flexibility, documentation, and aux- 
iliary malysis provided. Scoring was wde using a subjective scale of one 
to ten where one represents the lowest and ten the highest possible per- 
formance value that can be a t t r i b u t e d  to  a particular model. The evalua- 
tion marks of each model. were based on the first author's experiences in 
using some of the models m d  what can be inferred from the manuals. 



Table 1. Growth and yield Enodeis m e n f l y  in Ihe howledge base 

The evaluation criteria relating to simplicity, flexibility, documen- 
tation, a d  auxiliary malysis follow: ( 2 )  Simplicity relates to how simple 
it is to  follow the logic of the model, how much howledge a user must have 
to understand arnd use the model, and finally how interactive the model is; 
(2) Flexibility refers to the ability of the model to calculate required 
input data using other available data. For exmple, if the user is unable 
to provide site index, the model might or might not have the facility to 
derive it from average height of dominant/csdominant trees; (3) Documen- 
tation refers to how well the manual is written, its readability, and 



/~hyslographlc region 

Documentatlon 
Financlal/econ analyale 

Figure 2. Structure of Proposed Expert System 

/ Physiographic region 1 
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/ Stand treatment I 

Figure 3. Partial decision tree used in constructing IF-THEN rules. 



m u n t  of detailed information describing the use of the model; (4) Auxil- 
iary analysis pertains to types of analyses other than stand and stock ta- 
ble projection. For example, this might include economic and financial 
ma1 yses . 

Rnotvldge represeratation. One o f  the keys to a successful expert sys- 
tem Lies in choosing the appropriate technique for representing domain 
knowledge. The production rules were employed for the proposed changes to 
system because they were found to be suitable for problems that can be rep- 
resented in decisisn-tree form* A rule has the general form--IF (condition 
or antecedent ) (action or consequent) stringed togetbes. For the pro- 
posed expert system, a typical rule would look as follows: IF Physiograph- 
ic region is Piedmont and Site type is Cu and Site preparation is 
Prescribed burning., and Stand is Unthimed; Model is [ . . . I .  

Figure 3 shows the possible values of ,physiographic region, site type, 
site preparation and thinrring treatment. All the potential combinations of 
the difrerent levels correspond to the first functional group of IF-THEM 
rules in the knowledge base. 

ch proedures. A deductive process is carried out using forward 
chaining. Forward chaining is a data-driven strategy for searching the 
knowledge base. The overall search process involves a sequence of exchange 
of information between the user and the system. First, the system requests 
from the user relevmt information about his stand. Second, the system 
lists a set of models based upon the data given by the user. More specif- 
ieally , the appropriate models are iden t if ieb in four stages, as splgges ted 
in Fipre 2. 

Stwe 1- bring the first stage, the user is asked questions related 
to his forest stand with respect to: (1) physiographic location (Piedmont, 
Coastal Plain, or othemise); (2) site type (eutover or old-field); (3) 
thinning tseatmnt (thinned or mthimed); and (4) method of site prepar- 
ation (chemical, mechanical, prescribed burn, combination) if the subject 
stand is site-prepared. The system searches the knowledge base for all 
models that match the responses of the user to these questions. Those 
models identified form the initial model list, LIST I,  

Stage 2. In stage 2, the user is asked the type of output he would 
like to obtain from the model, Models in LIST I that fit this criterion 
are kept in LIST 2. Other models are discarded. 

Stage 3. The user is asked about age, density, and site index of his 
stmd in stage 3. Models in LIST 2 whose rmge of data does not include 
the values entered by the user for age, density, and site index are elim- 
inated from further consideration. Remaining models form LIST 3. 

St-e 4 .  The user is asked to assip a weight to each sf the evalua- 
tion criteria indicating the importance and significance of each criterion 
to the user in stage 4. These veights are multiplied wi th  the corresponding 
marks arbitrarily assiped by the authors. The products are summed up to 
obtain the overall score for each model remaining after the third stage. 



Thus, the composite score for each model is calculated as: 

Sm = am * SIMPLE + bm * FLEXIBLE + cm * DOCS + dm * AUXILIARY 
where 

Sm = total score for model m, 
am = marks arbitrarily assigned to  model m with  respect to simplicity, 
bm = marks arbitrarily assigned to model m with respect to flexibility, 
cm = marks arbitrarily assigned to model m with respect to 

docmentation, 
dm = marks arbitrarily assigned to model m with respect t o  auxiliary 

analysis, and 
SLMPU, F B n B U ,  WCS, AWLIARU = user-assimed weights. 

The overall desip of the system described is thus: (1) Generate LIST 
1, i.e., all potential models that match user's mswess to the initial set 
of questions; (2) By backward chaining through the knowledge base, LIST 1 
is reduced successively to models that provide the kind aE outputs the user 
desires (LIST 2 ) ,  followed by a reduction of models to those whose range of 
values for variables age, site index, and density include those of the sub- 
ject stand (LIST 3); and (3) Models in LIST 3 are shown to the user along 
with their o v e s d l  scores with respect to the evaluation criteria. The 
user indicates his choice (if the default is bgas sed )  and runs the model 
iE it is available in the userPs computer systgm, 

Development Tool 
There are two primary approaches to building ES. The first approach is 

by using a spbolic, non-nmeric lmaage like PROLOG or  LISP, The second 
approach is by easing an expert system shell which is an expert system with- 
out the appropriate knowledge base (Fisk 1). The tool  used t o  develop our 
proposed system is called KnowledgePro . 

KnowledgePro (Garden, Inc . ,  Nassau, NJ) is an expert system shell that 
integrates hypertext and expert system concepts for use on personal compu- 
ters with MS lXlS 2,0 or higher and a minimum of Q40K KrrowledgePro was 
selected for its hypertext capability which was used to explain and define 
terms in the knowledge base as needs arise m d  for its ability to interface 
with dBASE, Lotus 123, graphics packages, and user-wri t ten Pascal programs. 

Limitations and Future Work 
Following are some of the apparent limitations of the current proto- 

type: (1) the number of growth m d  yield models the current system can 
identify is small compared to the number of available models. For the sys- 
tem to be of practical value, all available models should be included in 
the knowledge base; (2) the weighting methsd used is subjective; and (3) 
the procedures employed in searching for the right models may not be re- 
flective of the  logical process experienced model users actually follow in 
selecting models. 

Future work on the syskem will include: (1) refiMing the user interface 
and explanation facility using KnowledgeProb hypertext capability; (2) a 
major overhaul of the howledge base to allow for the inclusion of valuable 
heuristic knowledge from experts and experienced users of growth and yield 
models; and (3) replacing the weighting method with a more objective, mul- 
kicri kerk evaluation techique* 



The ES application presented is in reality a simple one, The s m e  task 
could have been easily accomplished from using a simple look-up table sim- 
ilar to the work of Burhart et a l .  (1981). On a positive note, the cons- 
truction of the prototype has demonstrated the feasibility of using ES 
techniques for certain t r i v i a l  activities in forest management. Thus, the 
potential o f  ES in foresttry must not be overlooked. 

Expert systems are slowly finding their way into various aspects of 
forest management. However, due to their apparent limitations far dealing 
with dynmic systems they remain outside the mainstreant decision-making 
tools. As a result, they are being widely received with skepticism, par- 
ticularly from those entrenched in conventional progr ing approaches andl 
or those opposed to imovation. L i k e  m y  fledgling techology, more ques- 
tions a d  doubts will likely emerge and remain manswered, One way ts re- 
duce or eliminate that skepticism is to identify problem areas where ES can 
be applied as a viable alternative analytical tool. Finally, like any new 
technique, the successfuE application of ES in forestry will rely on how 
natural and easy ES are to understad and how well they blend with existing 
theory. Whether they will be accepted by those who need to use them will 
depend on how effective they are in solving problems and on the benefits 
gained from applying them* 
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POLE A'VAIMBILITV FROM NATURALLY REGENERATED 
LONGLEAF PlNE STANDS: PRELIMINARY DATA 

Dennis J. Shaw, Ralph S. Meldahl, John S. Kush, 
Harold E. Quicke, and Robert M. Farrar, 3rl 

Abstract. In 1964, the U.SI Forest Service established a regional 
longleaf (Pinus palustris Mill.) pine study in the Gulf states. 
The original objective of the study was to obtain a data base for 
the development of growth and yield predictions for naturally-re- 
generated, even-aged longleaf pine stands. The project is now in 
its fifth remeasurement period (25th-year measurement). Due to the 
increasing demmd for southern pine poles, pole class and length 
determinations have been added to the study. A summary will be 
provided of the pole information measured from the 1st year of this 
fifth remeasurement period. Preliminary data will be presented 
showing the distribution of poles based on the age, site index, and 
basal area classes of the study* 

The 
lustris 
southern 

range of longleaf (Pinus pa- -- 
Mill.) pine extends from 
Virginia to eastern Texas, 

primarily along the Atlatic a d  
Gulf Coastal Plains with extensions 
into the Piedmont and Appalachim 
foothills of northern Alabama and 
Georgia. It is estimated that long- 
leaf pine forests once covered about 
60 million ac of the Southeast. 
This has decreased to approximately 
4 million ac today (Farrar 1990). 

From 1964 to 1967, the U. S. For- 
est Service established a regional 
longleaf pine study in the Gulf 
States. The objective of the study 
was to obtain a data base for the 

Vaper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, 'Memphis, TM, Oct. 30-Nov. 
1, 1990. 

Research Assistarrt, Associate Pro- 
fessor, Research Associate, Research 
Associate, Auburn Univ*, AL; and 
Project Leader, South. Forest Exp. 
Sta., Starkville, MS, 

development of growth and yield pre- 
dictions for naturally regenerated, 
even-aged longleaf /pine stands. 
Plots were installed to cover a 
range of ages, densities, and site 
quali ties . 

The plots are inventoried on a 
5-year cycle and are thinned at each 
inventory, as needed, to maintain 
the assigned density level. The 
study accounts for growth change 
over time by adding a new set of 
plots in the youngest age class ev- 
ery 10 years. The project is now in 
its fifth remeasuremen t period 
(25th-year measurement) and the 
third set of plots was added at the 
20th-year measurement. Plans are to 
carry these three sets of plots to a 
rotation age of 120 or more years 
because of increasing interest in 
the performance of old stands. 

Study ktails 

The study consists of 262 perma- 
nent, 115-ac and thirteen, 5110-ac 
circular net measurement plots. In- 
i tial plot selection was based upon 
a rectangular distribution of four 
age classes ragislg from 20 to 100 



yeass, five 50-year site index classes ranging from 50 to 90 ft, and five 
residual basal area classes raging from 30 to 150 ft21ac. 

On each plot, a l l  trees with a diameter at breast height (dbh) greater 
than 0 3  inch are nunrbered* The following measurements are recorded for 
each tree: dbh to the nearest 2/10 inch, azimuth m d  distance relative to 
plot center, m d  crown class. In addition to the remlar measurements, 
utility pole class and length determinations are being assessed for the 
25-year and subsequent inventories. A systematic subsampie of trees from 
each I-inch dbh class is permanently selected m d  measured for height to 
the live crow base, total height, and if the tree is a dominmt or co- 
dominmt, for age from seed. A Y2-chain isolation strip is maintained 
around each net plot by thinning it to the same residual basal area level, 

Southern pines are in increasingly greater demand for use as utility 
poles. Reasons for this include a large, fast-growing supply, desisable 
strength characteristics, straightness with a good average taper, and high 
receptivity to  deep preservative treatment (Williston and Scregetis 1975). 
These poles are utilized in carving electric wires, street lights, and 
traffic control signals. 

Utility poles are classified based on the circumference of the pole at 
4 ft from the butt end of the pole. Pole classes range from I to  10, the 
smaller the elass number the larger the required circmference. For ex- 
ample, a class-three pole 35 ft in length must be at least 34.0-? but no 
more than 41.0-inches in circumference. A class-one pole 85 ft in length 
must be at least 55.0-, but no more than 66.0-inches in circumference at 6 
ft from the butt [American National Standards Institute, Snc. (ANSI), 
19721. 

Selling tSees for poles is desirable primarily from an economic stand- 
point. Based on information reported in Timber Mart-South, the Alabama 
statewide average stumpage price for the first quarter of 1990 for pine 
poles was $294/MBF (Scribner) compared with $144/MBF for pine sawtimber. 
Prices for product delivered to mill were $339/MBF for pine poles and 
$239/MBF for pine sawtimber (Timber Mart-South, Inc. 1990) * 

The main quality that a pole must possess is strength. Most of the 
tree defects that will keep a tree from being a pole are based on strength 
considerations. The specifications for poles are given in ANSI standards 
(MSI 2972). The defects that were considered in this study are: 

-Crown h d  Associated hots. The crown of a tree often limits the 
length of a pole because of the presence of large limbs and their assoc- 
iated knots. Large knots, or a large nwnber of hots create we& points in 
a pole that c m  cause the pole to break under loads. %be allowable number 
and size of knots in a given section of pole is determined by the pole 
class and length. For exmple, a class-three pole 35 f t  in length cannot 
have a single hot larger than 5 inches in dimeter and the sum of knot 

o t  exceed-8 inches in the upper half of the pole. 



-Crook. Crook, or an abrupt change in the direction of growth of a 
tree can limit the length of a pole, For a crook to  be allowable, the cen- 
terline of the crook section c ot deviate from the centerline of the main 
pole by more than one-half of the average d ime te r  o f  the crook section. 

-Fork, A fork in the stem of a tree will limit the Length of a pole. 
A large change in dimeter of the stem is typically associated with a fork. 
Forks c m  also cause the pole to split* 

-Limbs h d  Knots* Some trees will have or have had large limbs low on 
the bole* These cause large hots which l i m i t  the length sf a pole as dis- 
cussed above, wder 'erom." 

-Cankers, Scars, Etc, Disease cruakers, ligthming scars, and other 
types of injury to a tree can keep the tree from becoming a pole. These 
types of scars usually leave dead wood in the tree m d  leave the tree sus- 
ceptible to disease and decay. Decay is undesirable in a pole because it 
creates a wak point, leading to breakage* 

-Sweep In One Plane* For poles 50 ft or less, a straight Pine running 
from the surface of the pole at groundline to the edge of the top of the 
pole cannot be distant from its surface at any point by more than 1 inch 
for each 10 ft of Length between these points, 

-Sweep in Two Planes. For trees with swep in two planes (double 
sweep) or in two directions in one plme (reverse sweep), a straight Line 
from the midpoint at the top of the pole to the midpoint at groundline can- 
not pass through the surface of the pole* 

In the current study, usable pole lengths are measured on all trees 5.2 
inches and greater at dbh. Stem taper equations developed by Farrar (1987) 
are used to calculate the circunlferente at 6 f t a d  a computer program de- 
veloped by Harold Quicke is used to generate appropriate pole classes and 
lengths. The program generates the largest pole (length and class) that 
can be cut from a tree. Depending on demmd for specific pobe sizes, a 
smaller pole can be produced. Poles that were 25 ft or less in length or 
that were in classes 9 or 10 were not included because more work is needed 
in developing taper equations for the smaller trees. 

In the current data set, there were I045 trees that were of pole size. 
Of this number, there were 235 trees that did not meet pole specifications 
due to defects, and 104 trees for hich there was not a class "fitu because 
the tree had too large a diameter lor its length. Por the trees rejected 
due to defects, the distribution by defect is listed in Table 1. 

In this data set, there were no observations in the 28-, 60-, or 220- 
year age classes. Also, there were no observations in the 50-Et site index 
class (base age 50), and only a few observations (17 trees) in the 90-ft 
class* The basal area classes are in feetz and all five classes had obser- 
vations* The distribution of trees and poles by age class, site index 
class, a d  assimed residual basal area class are given in Tables 2, 3, and 
4, respectively, 



Table I. Dedeet distribution. 

Defect Nmber Percent 

Sweep i n  one plane 
Sweep i n  two planes 
C d e r s ,  scars, ete. 
Limbs and h o t s  
Crook 
Crown 
Fork 
Diameter ehmge 

Table 2. Tree md gole distribution by age class. 

Number Nmber Percent 
elass trees poles 

Table 3. Tree andl pie distr ibut ion by site indm elass* 

S i t e  index Number Number Percent 
class trees poles 

Table 4. Tree and pole distribultion by assigned residu- 
al basal 23.r- class. 

Basal area Number Nwber Percent 
class trees poles 



In the 1st year's data, 1045 trees were of pole size. Of this number, 
706 (67.6 percent) qualified as poles* Longleaf pine is the preferred spe- 
cies of the southern pines for utility poles because it grows straighter 
and has a higher percentage of trees that will m&e poles. The percentage 
can be as high as 75 percent of the final crop trees in a s tmd  that has 
been conditioned for poles (Williston and Screpetis 1975). Poles are best 
grown in even-aged, well-stocked stads because dense stmds will have more 
trees per acre and more trees that will meet taper requirements (Will iston 
and Screpetis 1975). As the plots in this study require t h i m i n g ,  trees 
that are suppressed, diseased, or otherwise not expected to live for  the 
next S years are remwed, leaving the healthier, better quality trees. How- 
ever, the basal area constraints prevent all undesirable trees f rom being 
removed, resulting in a lower pole availability. 

From the grelimina~y data, pole availability appears to increase with 
increasing age to some point, then begins to decrease. This would be an 
expected trend as trees reach maturity then grow out of pole clases be- 
cause there is not sufficient height growth to go along with diameter 
growth. Future plans include looking at points at which trees grow into 
and out of pole classes. For example, a class-one, 70-ft pole must have a 
minimum circmference at 6 ft of 51.0 inches, and the maximum circumference 
that it can have is 61.0 inches (MST 19721, Other pkms inePude further 
work with taper equations, especially on smaller trees and pole classes. 
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OVER FlFW YEARS OF LOBLOLLV PINE GROWTH 
ON THE CLEMSON EXPERIMENTAL FOREST " 

hrry E. Nix, Tom F, Ruckelshaus m d  Arthur T. Shearin 

Abstract. Growth and yield results at age 50 of a 35-year, long- 
term thinning study of old-field lobloll,y pine (Pinus -- taeda L . )  
plantation study plots are presented* A series of plots were 
installed in stands planted in the late thirties on the Clemson 
'Experimental Forest, located in the Piedmont of South Carolina* 
Plots were thinned from below to varying levels of residual basal 
area at 5- to 8-year intervals. Growth and yield in cords a d  
board foot volme are presented. The effect of thilnning on tree 
taper as measured by Girard form class is described. The apparent 
lack of diameter growth response to thinning as the staslds aged is 
presented vith discussion of possible causative factors. 

The Clemson Experimental Forest 
is comprised of lands acquired by 
the Federal goverment as submr- 
ginal farmland during the ""New Dealtf 
era of the Raosevelt Administration, 
from 1934-1939* These lands, orig- 
inally some 27 thousand ac, were 
largely abandoned, eroded farms 
whose omers had relocated to im- 
prove their standard of living. Ap- 
proximately 3,500 ac of loblolly 
pine (Pinus -- taeda L . )  plantations 
were established on these lands un- 
der the Works Progress Administra- 
tion in the late 1930s. In 1939 
Clemson University began supervising 
the management of these lands under 
an agreement with the Federal, gov- 
erment, and in 1954 the land was 
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deeded to CEemson m d  soon becme 
part o f  the Clemson Experimental 
Forest. At about this time, thin- 
ning of the PobPolly stands was im- 
plemented by the research forester, 
Mre N. Be Goebel, who set up a ser- 
ies of thiming study plots of vary- 
ing residual basal areas in order to 
examine the effects of thinning on 
the growth and yield of loblolly 
pine in the upper Piedmont. Of the 
32 original plots, 22 remain intact, 
but only 15 are statistically com- 
parable, i e e. , are grouped as plots 
with different levels sf thinning on 
the same sites with an mthimed 
control plot. Many o f  these Ioblol- 
9y stands suffered from severe ice 
storms in 1945-46 a d  several less- 
intense i c e  storms, windstorms, and 
the southern pine bark beetles (Den- - 
droctonus frontalis Zim,) in the 
1966s a d  1970s. Continued urban 
development in the Clemson area des- 
troyed some of the plot groups and 
the filling of the Lake Hartwell 
reservoir obliterated almost a11 of 
the few remaining fertile bottomland 
plots. Viewing black and white pbo- 
tographs t&en of the Lmd in the 
1930s and comparing them with the 
current: beauty and productivity of 



the Clemson Experimental Forest gives one a great sense of appreciation for 
the faith, wisdom, m d  foresight of the early conservation foresters o f  the 
ftepression era. 

Because loblolly pine is not indigwous to the upper Piedmont of South 
Carolina, these early plantations provide a wique opportmity to assess 
the potential of thousands of acres of such platings on eroded f a rmlads  
of the Piedmont region. A long-term study of "ehimirng in such s t a d s  
should yield valuable information for ladomers interested in ma- 
aging thei r stands for larger, more va e products on a long rotation* 
A series of pub1 ications have described these study plots (GoebeL e t  al., 
1974; Shearin et ale, 1985; Nix et al., 1987) and the stmds h i c k  surrolsnd 
them (Reamer 1981, Holsten and Remer 1983) current report is a eon- 
tinuation of this series in hopes of providing further useful. information 
for those interested in aging old-field loblolly pine platations past 
chip-and-saw product rotations* 

In 1953 thinning study plots ranging in size from 011 to 0.6 ac with 
half-chain buffers were established in loblolly pine stands plated in the 
Late 1930s on the Clemson Experimental Forest in the upper Piedmont* The 
stands were hand-planted at 6 x 6, 6 x 7, and 6 x 8 Et spacing on rolling 
topography, well-drained, Cecil-Madison sarndy clay lorn s o i l s  in various 
stages of erosion raging in site index (base age 50 years) from 76 to 103 
f t At about age 15, low thimings were initiated on these plots rmging 
in specified residual basal area from 7% to 135 ftV/ac. An unthinned con- 
trol plot was usually left adjacent for comparison. These p e s t s  are 50 
years old and have been thimed five to seven times at 5-8 year intervals 
or as basal area growth exceeded the specified residual by 25 ftVlacc Re- 
sidual basal area stocking levels were not replicated at all plot group lo- 
cations, and the loss of many plots through previausly described attrition 
has resulted in having to group thinning treatments into low (75-85 ft2/ 
ac), medium (90-108 ft2/ac), and high (110-135 ft2/ac) basal area residual 
levels* In addition, these levels of thiming are no longer replicated 
fully across similar site indices, which now rage from 72 to  98 (base age 
50 years), necessitating treating site index as a covariate in comparing 
thinning treatment levels (specified residual basal area/ae)* Although m- 
desirable, such maladies often befall long-term forest studies* 

Diameter at breast height (dbh) of all trees on each plot was measured 
(+ 0.1 inch) with a steel tape at the per ently marked height of 4.5 f t *  
?'%a1 height of each tree was estimated with an optical clinometer. Stem 
taper of each tree was measured wi tk a tripod-mounted optical dendrometer 
equipped with a clinometer * Taper measurements consis ted of de terrnining 
the height (+ 1.0 ft) to each I-inch decrement (+ 0.1 inch) in stem dimet- 
er from the abh. Board foot and cord volumes weFe calculated using the di- 
meter and total. height based equations of USrlA Forest Service (1929). G i -  
rard form class of each dimeter class was determined by interpolation of 
stem taper curves. Site index of each plot was determined from clinometer 
measurements of total height of the dominant and codominant trees (nearly 



all trees remaining on plots). Diameter m d  volme values were compared on 
a plot by plot basis to those simulated with the Piedmont loblolly pine 
thinning growth and yield model, PCCTICNIEJ (Qo et al., 1982). This was done 
using as closely as possible the same s i t e  index, initial stocking, thin- 
ning method, and timing and intensity as were employed on the actual study 
plots. Statistical comparisons vere made using the general Linear mdel 
procedure and paired t-test of SAS (1985) treating site index as a 
covariate* 

Residual and thiming volmes per acre a d  individual  tree parmeters 
at age 50 are compared among four broad levels af thiming in Table I. Al- 
though the residual volumes per acre appear to differ substantially, espec- 
ially those of the medium (90-100 f t Vaec) arnd high (110-135 f t "fa) resid- 
ual basal area treatments, statistical comparisons showed no significant 
differences even when thinning yields were considered, Although site index 
differed substanti%lly among the treatment plots, ranging from 72 to 98 ft, 
it was not a sipificant covariate in the statistical malysis employed. 
This is puzzling, as the mean site index values for the treatment levels 
were 89, 92, 83, and 84 ft for the low, medim %nd high basal area, and un- 
thinned plots, respectively. Also, on the lower site index plots, the 
trees of wthinned controls exhibited a substantially lower height growth 
at age 50 than did those of the adjacent, thimed plots, i.e., the height 
difference rmged from 6 ft in one loeation to as much as 18 f t  in another. 
This differnce-in height suggests that loblolly, like slash pine (P. - - elli- 
otti Engelm), is sensitive to extreme stocking levels, especially on medium 
P 

to poor sites. The trees of the wtlhimed plot oar a very good site (SI,, = 
97)- exhibited no reduction in height growth due to crowding and werelWin 
fact, a foot taller than those on the adjacent plots. 

Mean v o L w  per tree differed si~ificmtly mng khiming treatments, 
with the tree size of the low and medim residual basal area plots being 
much greater than that of the high basal area and unthinned plots. The 
lack of mortality in the unthimed plots m d  the poor dimeter growth in 
the high basal area plots contributed to the dif6erences in average di- 
m t e r  m d  rnem tree volume, but the retention of a high number of trees 
per acre (nearly twice as many) and the age o f  the plots apparently in- 
creased bd ft volumes in the wthimed plots enough to approach the volmes 
of the thinned plots (Table 2). 

Girard form class values did not differ mong treatments nor between 
thinned and mthimed plots (Tables 1 and 2) as was noted at age 47 in an 
earlier report (Nix et al., 1987). h examination of tsee length stem ta- 
per revealed little difference among treatments, except that trees of the 
low a d  medim basal area plots had less taper In the lower bole, but more 
taper in the upper bole than did those of the high basal area a d  control 
plots (Nix and Ruckelshaus 1991). 

Computer growth and yield simulations with P m H I N  software, using the 
sane input variables as occurred on the actual plots  over the 35 years a f  



md fom &lass v d u e s  8% ay%e 50 fak thinned and 
unthinned old fleld, lrsbiollgr gbarneatiom i n  tlre %uth Wolina 

Residual Thinning 
Residual Girard Volwe volwe yield 
basal area form class"er tree per ac per ac 

(f t 21ae) --- (bf-lnt 1f8)2 --- (cdlbf-Int 1/8)3 

"Giard form class is a ratio of the upper diameter to a lower diamet- 
er of the butt log of the tree expressed as a percentile. 

Volumes are for trees ) 9.6-inch dbh (sawtimber size) at age 50 
years. Values with the same letter adjacent are not different at 
the 5-percent level using site index as covariate, 

Unthinned plo ts  averaged 24 cd/ac of residual pulpwood (4.5 inch < 
dbh < 9.6 inch), thinned plots averaged 3 cd/ac. 

Table 2. md stand attributw far thinned and unthimd 
old-field, l o b l ~ l l y  p h t a t i o n s  at  age M) in  tke South 

Total sawtimber Girard Residual Tree 
volume per ac Dbh form class basal area volurne 

(bf-Int lf8) (inch) (ft2/ac) (bf-Int 1/8) 

Thinned 
21,1544 12.6(12.0) 81,1 

Un thinned 
19,004 90.6(9.8) 863.1 

Vrees > 9.5 inches dbh (mean for all trees in parenthesis). 



thimings, revealed signif icant differences only in the yields for Pow and 
medium stocking levels computed from the two data bases. However, volumes 
predicted differed by over 6,000 bd ftfac for high stocking plots (110-135 
f t2/ac). &In explmation of the lack of statistical significance in such 
large differences is that the actual study plot volumes vary so greatly be- 
cause of the mexpectedly poor dimeter growth on some plots. Unthinned 
volunte predictions did not differ from the actuals. Mean tree diameters 
differed significantly between actual thinned plots and computer-simulated 
thinned plots (Table 3 ) ,  vhereas residual nmber of trees per acre did not 
differ sig~niflcantly even between the simulated and actual high residual 
basal area plots. The difference in predicted mean dbh and actual dbh was 
substantial across all thiming levels, ranging from 2*7 inches at the med- 
ium basal area residual to 4.1 inches at the low basal area residual (Table 
3)  * 

Me= dbh Nem density 
residual basal area% residual basal area 

75-85 90-100 110-135 75-85 90-100 110-135 

---------- (inch) ---------- ------- (trees/ac) -------- 

Actual 13.0a2 13 523 10.5% 98a 92a l68a 
Simulated 17. lb 16.2b 13.9% 64a 84a 119a 

Simulations were done with P m H I N ,  an old-field plantation, Piedmont 
loblolly pine growth and yield model by Cao et ax. (1982). 

Values in the same col followed by the same letter are not simif- 
icantly different at the 0.05 level of probability. 

Residual dbh values of PmHIN-sirnufa ted plots were all significantly 
different even though site index was not a significmt covariate in the an- 
alysis. Simulated volmes differed by as much as 7,500 bd f tlac between 
unthinned and hi& residual basal area plots and site index was a signifi- 
cant covariate in the analysis* Even if P m H I M  overestimates yield, eom- 
parisons of actual with simulated thiming responses clearly indicate a 
discrepancy in diameter growth on some of the study p h t s  that is not ex- 
plained by differences in site quality as measured by site index. For ex- 
ample, one study plot in the high residual basal area group with a site in- 
dex of 84 has an average dbh of 1022 inches a d  a total volume of 13,120 bd 
ftlac, vhile its PGGTTHfH-simulated values are 14*7 inches dbh with 23,223 
bd f Uac. "Fa7iere is obviousLy something wrong with the trees c r ~ l  the actual 
plot. Extremely poor root development is apparent on some of the plots. 



Observations of windthrom trees with vev shallow root systems indicate 
very little vertical exploitation of the thin topsoils that overlay an 
almost impenetrable clay subsoil* It is probable that as these trees have 
aged their shallow root systems have extended laterally to the biological 
limits of their capability in order to supply the ever-expading crows 
which have been given mple room to develop by thinning. Height growth 
which has slowed sieificmtly only in the past 10 years m d  is higb on the 
priority scale in tree growth has continued relatively mabated except on 
the higb density plots of the medim to poor sites* Thus, heifit growth as 
an early indicator of long-term site productivity my be a poor choice as 
the key variable in a thinning response growth and yield model for may 
such old-field plantations or, for that mtter, for the second-growth, cut- 
over plantations sf the future* Perhaps soil-site equations need to be de- 
veloped that c m  better predict true Long-term growth response to thinning 
of such stands. 

The authors wish to express appreciation for the able assistmee of 
Doug Benson, Research Forester, Jon Barq, Graduate Assistat, and Jeffry 
Weyers, former undergraduate, Department of Forest Resources, Glemson Univ- 
ersity, in the collection of field data- 
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INVESTIGATION OF GROWTH 14 YEARS AFTER G M Z E  DAMAGE 
IN A LBBLOLLY PINE PLANTATION " 

e Miley and Boris Zeide 

Abstractc Forest agement in the southern United States is of ten 
complicated Iay severe ice storms. A heavy accmulation of glaze on 
needles a d  brmehes frequently results in decreased growing stock 
and a reduced increment for remaining crow-dmaged trees. Repeat- 
ed measurements have provided informtion on the long-term effects 
of glaze in a loblolly pine (Pinus taeda L.) plantation in south- -- 
eastern Arbsas, The analysis of growth data from d 

ed trees collected during the 14 years following a severe ice 
storm reveals that although damaged trees have recovered in height, 
they are still characterized by slightly lower diameters m d  vol- 
umes than undamaged trees. h u a l  height growth of damaged trees 
was significantly greater than that of undamaged trees during the 
3-year period following the storm. Height recovery was retarded by 
stand density, Homver, diameter recovery was slowest in heavily 
thimed plots. The dimeter increment of damaged trees was reduced 
during the first 8 years after the storm, but was almost equal to 
or greater thm that of undmaged trees at all but the lowest den- 
sity during the following 6 years. A period sf drought more sev- 
erely affected dimeter growth of damaged than undamaged trees. 
Forest mmagement in the South should include a thorough under- 
stmding of the dynamics of growth recoveq after glaze dmage, 

Glaze dwage presents a major 
risk to southern pines in a large 
portion of the southeastern United 
States (Vm Lear and Saucier 1973). 
The occurrence and severity of' ice 
storms are unpredictable* The belt 
of greatest severity and frequency 
extends from north-central Texas to 
southern New England. Ice 0.25 to 
0.50 inch in radial thickness om 

needles, brmches, and utility wires 
may be expected once every 3 years 
somewhere in this belt* Nearly all 
of the country east of the Rocky 
Mountains (except the southern half 
of Louisima, Mississippi, Alabama, 
Georgia, South Carolina, m d  all of 
Florida) can expect such thiclpnesses 
to occur once in 6 years. Deposits 
of one radial inch or more have been 
recorded in most of this area and on 
the Louisima coast (Bennett, 1959), 
This unpredictable threat to, liter- 
ally, life m d  limb c m  reap havoc 

V w e r  presented at Sixth Biemial in southern pine forests. Cool et 
Southern SilvieulturaP Research Csn- al.  (1971) reported that  m ice 
ference, Memphis, W, Oct. 30-Msv. storm in South Carolina in 1969 did 
I, 1990- m estimated 60 million dollars 

worth of damage based on the value 
Forestry Research Specialist m d  of wood delivered to mills. 

Professor, Dent. Forest Resources, 
Univl Arbsas ,  Msnticello* 



Althstigb the imediate results of these storms have often been reported 
(McMellar 1942, Brender and Rommcier 1960, Kyle 1960, Daley 1964, Goebel 
and Deitsc 1967, Shepard 1978, 1982, Fountain and Burnett 19791, few 
data have been accmulated on the long-term effects of glaze d 
knowkedge of the relationship bemeen stand density and resistmce to crown 
dmage, m d  m understmding of the consequences of crown dmage on future 
growth c m  provide the basis for  both imediate and long-term silvicultural 
decisionse 

LobLsPly pine (Pinus -- taeda L.), along with several other pine species, 
represents a major source of biomass production in the Southeastern Region. 
Misjudgments in management can easily be made, on one hand, when glaze-dam- 
age is totally disregarded, or on the other hmd, when the seeming disaster 
imediately following a severe storm results in the ecessary salvage of 
the entire s tmd*  The m o m t  of volku~te lost to natural disasters, such as 
ice storms, is poorly understood. Qu n of actual growth loss and 
recovery is needed to make rational decisions when determining 
the fate sf a dmaged stmd. 

Study k r g %  

I n  Jmuary 1974 arn ice storm caused severe dmage to much of southeast 
sas* Burton (1981) carefully docmented this damage in forty experi- 

mental plots that had been established in I970 by the Southern Forest 
Experiment Station in a typical 12-year-old lobdolly pine plantation 
(Burton 1968, 1972). The study was desiped to evaluate the effects of 
four levels of thiming a d  three levels of pruning on volunze growth* Each 
combination has three replications within a randomized, complete block de- 
sign. Each p l o t  has a gross size of 232 by 132 ft and contains ran inner 
plot 66 by 66 f t where all trees are individually identified arnd measured, 
Plots were initially thimed at age 12 to 40, 60, 80, m d  100 ft2/ac of ba- 
sal area (BA) Crows were grwed to 25, 40, and 55 percent of the total 
tree height (heav?p, medium, arrd light prwing levels, respectively). After 
the second inventory at age 15, basal areas were reduced to 30, 50, 70, and 
90 ftz/ac, where they have been maintained by subsequent thinnings at ages 
24, 27 m d  30* Trees were prmed only twice, at age 12 a d  25, The 
seventh remeasurement of the 30-year-old trees was completed in 1987 (Wiley 
and Zeide 1989, 1998) 

r?iurtons?ecords and the seven inventories allow us to evaluate the 
impact o f  glaze on volme growth i n  these study plots. The mmlysis of 
growth data from d ed trees during the 14 years following 
the storm provides insight into the effects o f  glaze damage on diameter, 
height,  m d  volme growth, Because this study includes plots maintained at 
various thinning Bevels, the subsequent growth m d  recovery of these trees 
e m  be evaluated in relation to densi ty* Results provided by this study 
will allow forest mmal3;ers to assess the effects of glaze dmage in terms 
of growth recoveq rather t h a  stmd loss. 



In order to evaluate growth after the storm, trees damaged at age 16 
which were still present at age 30 are compared with a group of undamaged 
trees with the same mean diameter (dbh) when the storm occurred. Und 
trees which had a diameter below the minimum or above the 
of damaged trees were not included in the analysis. Trees which were dam- 
aged during a second ice storm in 1979 were not included. Three plots were 
also deleted from the analysis because they were so heavily damaged during 
the 1974 storm that their stand density Mas reduced far below treatment 
levels. The nmber of trees present at age 30 for Khich data were avail- 
able for density levels 30, TO, 70, and 90 (M) .was 3, 5, 11, and 21, res- 
pectively, for d ed samples and 8, 13, 28, and 60 for undamaged samples. 
Diameter, height, and volume (in ft3 outside bark to a top diameter of 4 
inch) were analyzed during one 3-year period before the storm, 
periods encompassing 14 years following the storm. The periodic 
crement of diameter, height, m d  volume, and its standard error 
mined for each damaged and undamaged sample at each densit 
rected periodic increment ratio, representing the ratio of 
damaged to undamaged trees with an adjustment for any difference in growth 
between the two groups during the 3-year period before the storm, was cal- 
culated to illustrate actual differences between the growth of damaged and 
undamaged samples. 

The immediate and long-term effects of glaze damage on diameter, 
height, and volume growth were assessed. Growth recovew was quantified in 
terms of the nmber o f  years it t&es these trees to  recoup lost volume due 
to glaze damage. Since many of the poorer trees were cut during selective 
thinnings in 1981 and 1985, these data represent the growth of the "best" 
dmaged and undamaged trees. 

Results 
Immediate Effects of Glaze Damage 

In January of 1974, as the trees reached their 16th year, an ice storm 
caused severe damage to this test and much o f  the surrounding area (Fig. 
1). Burton (1981) reported that 335 (56 percent) o f  the 66e trees in ex- 
perimental plots were d ed. Trees with greater than 50 percent loss of 
the live crown or with the bole bent or butt deflected greater than 45 de- 
grees from the vertical were considered severely damaged and were marked 
for salvage. Fifty-five percent (208) of the 375 injured trees were cut 
immediately; of these, 85 percent were cr ged and 15 percent were 
root-sprung or bent. The remaining glaze- trees (those which suf- 
fered less than 51 percent crown loss and a few with stems bent less than 
45 degrees) comprised 36 percent of the test (167 of 460 total remaining 
trees). 

Burton (1981) reported that the thimiw ;and pruning regimes practiced 
in this study significantly affected the mount of glaze damage incurred 
(Table 1). A substantial majority of crown darnage from this storm was 
caused by stem breakage, within or imediately below the  live crown. Mean 
stem diameter at the break was 3 inches* Crow loss was sipifieantly 



greater in trees at all thiming 
levels which were heavily pruned 
(to 25 percent of total tree 
height). The percent sf basal area 
lost  was si@ificantly less in 
heavily thinned plots (30 BA).  In 
plots Lightly thimed (to 70 or 90 
ft21ac) and heavily prwed  (to 25 
percent of total tree height), 50 
to 66 percent of the stand basal 
area was lost* Although dense 
stmds suffered the highest per- 
centage sf loss, they contained the 
mst growing stock after the storm. 
Stmd density after the storm was 
sigmificmtly different at all 
thiming levels (pruning treatments 
combined) and at all pruning levels 
(thiming treatments combined). 
Plots which had been thinned to 90 
ft2/ac BA contained twice as much 
basal area md nearly three times 

p b t  ( t h i m d  te, W BA as m a y  trees per acre after the 
o 25 p s c a t  of t o t d  i c e  storm t h m  plots thinned to 30 

trcee height), ft2* 

Table 1, IPerc3ad: of k d  in severely d t res  . 

Prming level, Thinning level ( f t2/ac  BA)' Means 

30 50 70 90 

(percent total height)  

"A = basal area i n  f t 26ac; LC = l i v e  crom as a percentage sf total 
tree height* Meas with the sme  letter are not sipificmtly dif- 
ferent at the 0105 level (after Burton 5981). 

ata (at dbh) collected at 
age 12, 16 (imediately following the storm), 19, 24, 27 and 30 years of 
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AGE AGE stantially after the drought, 
UNDAMAGED - DAMAGED - - - - - - and then remained relatively 

stable during the tollowing 3 
years (Fig. 2 ) .  Although the 
initial effect of dmage on 
dimeter increment was not as 
severe in heavily thinned plots 
(30 BA) as in other treatments, 

samples at age 16-are equal. recovery took much lorllger* Pol- 
tly d i f f e r a t  from m- lowing the storm at age 16, the 
t 0-01 level; * = sig- PM of dmaged trees at density 

t at 8.05 level - ]  levels sf 70 a d  90 ftZlac was 
sigrrificmtly less thm that of 

maged trees at both the 19- 
a d  24-year measurementse The PIrd of d trees in treatments thinned 
to 30 ft2/ac was not si~ificantly different from undmaged trees until. 
measurements at 27 years sf age. 

The corrected periodic dimeter increment ratio, which was adjusted to 
accowt for before-storm differences in increment between damaged and un- 
damaged trees, indicates that the increment of damaged trees in heavily 
thinned plots (30 BA) was still 7 percent below that of undmaged trees 14 
years after the storm (Fig, 3). The increment of damaged trees at all ot- 
her density levels recovered to the before-storm ratio during or before the 
27- to 30-age period. 

The mnual dimeter increment of damaged trees averaged for the entire 
period between ages 16 and 30 was significantly less than that of mdamaged 
trees only at the lowest (30 BA) and highest (90 BA) density levels. Ab- 
thouli;h the dbhts of damaged trees at all densities were still slightly low- 
er than those of mdmaged trees at 30 years of age, they were not s lp i f i -  
cmtly different* 

Height Growth 
An analysis of height data revealed a significant increase in the peri- 

odic height increment of d ed trees at all density levels during the 3- 
year period following the storm (Fig, 4 ) .  In heavily thinned treatments 
(38 BA), the height increment of damaged trees was more thm twice that o f  
undmageb trees during this period. During the drought period between ages 
19 a d  24 years9 the height increment of udmaged trees at all density 
levels increased over that of the previous period, while that of damaged 
trees was greatly reduced. Height increment o f  damaged trees was equal to 
or slightly less than that of &damaged trees during the drought period. 
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The corrected periodic height 
increment ratio indicates that the 
height increment of damaged trees 
was 5 to 21 percent less than that 
of undmaged trees during the 
droufSht period, depending on den- 
sity (Fig. 5). Wrring the follow- 
ing 3 years, the corrected height 
increment of dmaged trees at den- 
sities greater than 30 ftz of basal 
area was 4 to 37 percent greater 
than that of undamaged trees, 

al height increment av- 
eraged over the entire period be- 
tween ages 16 and 30 was signifi- 
cantly greater for damaged trees at 
all density levels. 

In all plots with density lev- 
els below 90 ft2/ac BA, taller 
trees were more susceptible to 
glaze dmage* In lightly thinned 

L '  16 re 24 27 so 19; ? S  24 27 so 
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samples at age 16 are eq- 
trws at 0.01 Level; * 

treatments (90 BA), the pre-storm height of damaged trees was sliatly less 
than that of undmaged trees. The storm reduced total height of damaged 
trees by 10 to 18 percent compared vith urnd ed trees. The percent of 
height loss increased with density. In heavily thimed plots (30 BA), 



dmaged trees recovered to a height equal that of und trees within 3 
years. Total height recovery time increased with Ye total 
height of dwged trees was significantly less than that of und trees 
until age 19 at the lowest density (30 BA), until age 24 at 50 ft2 lac BA, 
wtll age 27 at 70 f t 2 /  ac BA, and until age 30 at 90 Et2/ac BA. 

b l m e  Growth 
The imediate effects of the 

RATIO ice storm on stem volwne (ft3 out- 
DL== side bark to a 4-inch top) were 

2 00 very slight since the average di- 
1 50 

meter of the crom at breaking 
point was only 3 inches. hring 

1 00 the first 3 years folloning the 
o 50 storm, the periodic annual volume 
o 00 incr was significantly lower 

for ed trees than for d a m -  
AGE aged trees only at the higher den- 

sities (70 and 90 BA) (Fig. 6). 
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At all densities, except the 
lowest (30 BA), the corrected per- 
iodic volume increment ratio during 
the period immediately after the 
storm indicated that the volume in- 
crement of dmaged trees was 10 to 
15 percent less than that of un- 
damaged trees (Fig. 7). At the 
lowest density (30 BA), the volwne 
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increment of damaged trees was 
higher than that of rmdmaged 
trees; this may be due to the surge 
in height growth of dmaged open- 
grom trees. At all densities (ex- 
cept 70 BA) the volume increment of 
damaged trees was more affected by 
the period of drought between ages 
19 and 24 than was the increment of 

ed trees. By the 27- ts 30- 
year period, the corrected volme 
increment of damaged trees at high- 
er densities (70 and 90 BA) had ex- 
ceeded that of undamaged trees. 
Volme increment was slower to re- 
cover at lower density levels. The 

ual volume increment of damaged 
trees for the 16- to 30-year period 
was cantly lower than that 
of ed trees only at the 
highest density (90 BA). 

When we compare total tree volume, we see that glaze damage has a slow 
but significant effect on future volume, especially at higher densities. 
There was a reduction in the total volume of damaged trees at all densit- 
ies, although it was not significmt at the lower levels (30 and 50 BA). 
At 70 ft2/ac BA, the total volume of damaged trees was significmtly less 
than kuadmaged trees during the two periods between 19 and 27 years of age, 
but recovered before 30 years. At 90 ft2/ac BA, total volwne of damaged 
trees was significantly different from und ed trees at the two periods 
between 19 and 27 years, and was still different at 30 years of age. 

Conclusions 

This analysis of the long-term growth data reveal that although the 
ual dimeter increment of both damaged and und 
at low than at high stand densities, recovery 

trees was slower in heavily thinned stands than in lightly thinned ones. 
ual diameter increment of damaged trees (averaged over the 16- 

to 30-year period) was significantly lower than that of undmaged trees on- 
ly at the highest density (90 BA). Diameters were not significantly dif- 
ferent between dmaged and undamaged samples at any thinning level during 
any period. 

On the other hand, height recoveq was retarded by density, m d  occurs 
much sooner in heavily thimed plots. During the 14 years following the 
glaze dmage, the mean increment of dmaged trees was sig- 
nificantly higher than t ed trees at all density levels. The 
m o w t  of time required for recovery of damaged trees to a total height eq- 
ual that of undamaged trees increased with increasing density, It occurred 



at 19 years for heavily thinned plots (30 BA), at 24 years for plots thin- 
ned to 50 M, at 27 years for plo ts  thimed to 70 htA, a d  at 30 years for 
lightly thimed plots (90 M)* 

Volwe recovev was also retarded by density* As wi th dimeter, the 
ual vobme increment of d ed trees was significantly lower than 
mdmaged trees only at t ighest density (98 M). There was no 

signi f iemt difference betwen dmaged a d  mdamaged trees in total volume 
at the lower densities. However, at 70 BA a significant difference occur- 
red at the 29- to 24-year period, but recovew sf the dweged trees took 
place during the 27- to 30-year period, At the highest density level (90 
M), total voEurnte was simificmtly lover for d ed trees for all three 
periods between 19 m d  38 years o f  age* 

LobloLly pine, more t h m  m y  other southern pine, is able to recover 
rapidly from wderst~cking a d  vigorously exploits newly available space 
(Burton 1981)* Therefore, yoaang loblslly pine timber which has been ser- 
iously dmaged by glaze e m  be successfully aged. Salvage of trees 
tshicb have lost mre tfim half  o f  the crow an thinning regime in which 
the "bestR "aged trees are selected to remin as growing stock cara result 
in early stand recovery, After a stmd has been heavily dmaged, the first 
impression of remaining grovth potential casl be misleading. Excessive sal- 
vage of trees which are capable o f  recouping lost volwe can 
diminish future harvests. Recovery depends on density a d  is slower at 
high levels* 

This preliminary analysis of growth dam suggests that the dynmics of 
growth recovery after erom dmage should be t&en into consideration when 
forest mmagement decisions are made* Further investigation of these data 
using a%% trees up to the thiming at 24 years (first thinning after the 
glaze damage) will provide larger samples m d  a clearer picture of the ef- 
fects of cram d e on future growth. 

This investigation was fmded in part by the USDA Forest Service. 
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FUSIFORM RUST IMPACT O N  SLASH PINE UNDER 
DIFFERENT CULTURAL REGIMES ' 

Eugene Shoulders, James N. Scarborough, Jr., and Ray A. Arnold 

Abstract.. The transitional probability of rust-associated tree 
mortality was assessed in slash pine plantations that received six 
cultural treatments. Results showed that tree age at infection was 
the most important factor affecting ability of slash pine to sur- 
vive to a later age with a fusiform rust stem infection. Only 7 to 
13 percent of trees infected at age 2 were alive 10% years later 
whereas 30 to 50 percent of trees infected at age 3 survived for at 
least 1W2 years* Cultural practice had little long-term impact on 
survival of trees infected in the second year. Control trees in- 
fected in the third year, however, survived less well than trees in 
the other treatments, Competition coatrol and fertilization reduc- 
ed by about 3 years the age at which an operational sanitation 
thinhing could be made in the plantation or that the plantation 
could be clear cut in a commercial harvest. Probabilities for de- 
veloping a stem infection before age 6 ranged from 72 percent to 93 
percent* Because initial planting density was 908 treesfac, man- 
agement options for the plantation include sawtimber as the final 
crop with a salvage thinning whenever an operational partial cut 
can be made to remove diseased trees. 

Two previous papers (Nance et al., 
1981, Shoulders and Nance 1987) 
reported the effects of fusiform 
rust (caused by Cronartim quercum 
(Berk.) Niyabe ex Shirai f. sp. 
fusiforme) on survival and structure 
of slash (Pinus elliot tii Engelm. 
var. elliottii) and loblolly pine 

Paper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, TN, Oct. 30-Nov. 
1, 1990. 

Principal Silviculturist (deceas- 
ed), Computer Programmer, and For- 
estry Technician, Southern Forest 
Exp. Sta., PineviPle, LA. 

(P. taeda L.) plantations on open, 
cjtover sites in Louisiana and Mis- 
sissippi. Included in these papers 
were probabilities over time that a 
tree would live or that it would die 
from competition or because its stem 
had developed a fusiform rust in- 
fection. These transitional prob- 
abilities were based on periodic re- 
measurements of permanent sample 
plots which allowed the authors to 
specify only that a rust gall had 
developed or that death had occurred 
during the time interval between in- 
ventories--usually 5 years, 

Since these investigations were 
completed, additional data have been 
accumulated which allowed the devel- 
opment of more precise estimates of 
the effects of tree age at the time 
rust invaded the main stem on the 



probability that the tree would be alive at a later date. These new data 
were obtained from ual measurements of 1,800 trees in a study to deter- 
mine t h ~  effects of progressively more intensive cultural treatments on 
survival and growth of slash pine. With these new data, it was also pos- 
sible to explore the effects, if any, of cultural treatments on transition- 
al probabilities and to examine how disease and cultural practices have in- 
fluenced stmd mmagement options.. 

bterids And Methods 

The study is located in central Louisiana on a site that afforded es- 
peciagly high pressure for fusiform rust infection (Burton et ax., 1985). 
The six treatments tested varied in intensity from planting on a fresh burn 
to competition control (weeding) + moisture management + fertilization with 
nitrogen and phosphorus (Burton et al., 1985). Moisture miulagement includ- 
ed both bedding to remove excess water in winter and irrigation to elimin- 
ate sumer moisture deficits. The sequence in which cultural practices 
were added was:(l) herbaceous competition control; (2) drainage; (3) ferti- 
lization;(4) irrigation without fertilization; and (5) irrigation with 
fertilization* 

"Peatments were replicated three times in a rmdomized plot design, 
Grass plots contained 18 rows of 18 trees each. Measurement plots con- 
tained 10 rows of 10 seedlings each and covered 0.11 ac. 

Twelve-week-old container-grown seedlings were planted in late spring 
1975, after the threat of fusiform rust infection had subsided. Tree spac- 
ing was 6 ft within rows and 8 ft between rows (908 treeslac). 

Survival was inventoried annually through age 13. Total heights were 
ually through age 6 and at 7, 9, 10, and 13 years. Diameter at 

breast height was included in inventories at 7, 9, 10, and 13 years. 
During the first 5 years, fusiform rust galls from the previous growing 
season were recorded in March, with one exception: galls resulting from 
1976 infections were recorded in March 1978. An invento~j af ter the sixth 
growing season recorded height to the stem gall nearest the ground, so that 
infections that were slow to develop visual symptoms could be included in 
total infection rates (earlier inventories inspected only the terminal 
growth of the previous season). New infections that were identified by the 
procedure were assumed to have occurred in the year that stem sepents con- 
taining them were new, succulent terminal growth. The inventory at age 13 
identified initial stem infections that developed after age 6 either from 
direct infection or from branch galls growing into the main stem. 

Trans i t iona l  probabilities were computed based on four mutually exclu- 
sive current conditions classes, as follows: (1) living tree free of stem 
galls; (2) dead tree free of stem galls; (3) living tree with one or more 
stem galls; and (4) dead tree with one or more stem galls .  Merchantable 
volumes in l i v ing  trees at ages 6, 9, and 13 years were computed using 
Lohreyf s (1985) formula for outside bark volumes of young slash pine. Data 
were evaluated by malysis of variance using a 0.05 level of significance. 



Results h d  Discussion 
Transitional Probabilities 

The effects through age 5 of cultural practices on the occurrence of 
stem cankers in current year growth are reported elsewhere (Burton et al., 
1985). During that period, all treatments that stimulated growth increased 
infection rate significantly, Moreover, there were no Large differences be- 
tween growth promoting treatments (i,e., weeding and weeding plus ferti- 
lization and/or irrigation) in the incidence of stem cmkers. Trmsitional 
probabilities through age 13 support these conclusions. Among the growth 
stimulating practices, probability of developing a stem caHlker by then 
raged only from 0.89 to 0.95 (Fig. 1). Trees in the control treatment 
showed a 0.79 probability of developing a stem canker by age 13. 

Most of the initial infect ions 
occurred during the second and 
third growing seasons. For trees 
initially infected in the second 
year, the four more intensive 
treatments produced similar pat- 
terns of mortality through age 13. 
Probabilities of death mong these 
treatments ranged from 0.89 to 0.93 
(Fig. 2). 

Similarly, the four most inten- 
-. I sive treatments did not differ s ig-  

8 1 2  3 4 5 6 7 8 9 1 6 3 1 1 1 2 1 3  nifieantly from each other in prob- 
RGIE (VERRS) abilities of mortality among trees 

that remained free of stem cmkers 
Fiwre I- through age 13 (Fig. 3). The mor- 
ities of d tality that did occur in this con- 
t h r o ~ h  age I3 lsiy trat dition class was never greater than 
weeding, B = drai ? 1 = irrim- one would expect from miscellaneous 
tion, and P = fertilization). causes. There is no suggestion in 

the trends for any treatment that 
significant mortality from competition had occurred. Mortality of stem 
galled trees had apparently provided disease-free trees with ample growing 
space to survive. 

Trees that survive comprise the growing stock of existing stands. For 
that reason the effects o f  treatments and age at initial infection on the 
fate of stem-galled trees are reported in terms of probabilities of survi- 
val rather than probabilities of mortality* Because no real differences 
devdoped between the more intensive treatments in transitional probabil- 
ities of mortality arad survival, only check and fertilized treatments are 
included in these comparisons. Data from bdBF and WZSIF treatments were 
pooled to derive the fertilized values. 

Treatments had no long-lasting effect on survival of trees that devel- 
oped stem galls in the second year. By age 13, probabilities for survival 
of fertilized and check trees had declined to 10 and 8 percent, respective- 
ly (Fig. 4). In the shorter  term, fertilized trees Were signifiemfly 
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less apt to survive than check trees. One factor contributing to this dif- 
ference was that more fertilized than check trees were broken over by an 
ice storm that occurred when trees were 7 years old. 

Inidividual treatments contained tss few trees that were initially in- 
fected in the third year for the meaningful statistical analyses to be made 
of these data. It should be noted, however, that by age 13, probabilities 
of survival were about 20 percentage points higher for fertilized than for 
check trees in this condition class (Fig. 5). 

Probabilities for survival were markedly affected by the age of the 
tree when initial infection occured (Fig. 5 ) .  On average, there was only 
an 11 percent probability for trees infected in the second year to survive 
for 1@/2 years (i.e., to age 12). There was a 40 percent probability for 
trees infected in the third year to survive for 10% years (i.e., to age 
13).  

Stand Dynamics And Nanagement Options 
By age 7, the fertilized treatment averaged 494 surviving trees/ac: 88 

of these were free of stem galls (Table 1). At age 13 there were 56 trees/ 
ac free of stem galls out of a total of 204 surviving trees. The check 
treatment had 102 and 59 more gall-free trees and 120 and 108 more total 
treeslac at these ages than the fertilized treatment* 

With fewer than 300 gall-free stems/as at age 3, one might argue that 
both check m b  fertilized stands should have been destroyed and replanted 
with rust-resistant seedlings at that time. This is a a valid argument and 
one that is endorsed by several authors (Belcher et ale, 1977; Schmidt et 
all, 1977; hderson and Mistretta 1982). 
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A second option is to carry the stands until they contain an operable 
volume of merchantable wood; then to clear cut and replant with rust re- 
sistant seedlings (Anderson and Mistretta 1982). Assuming a minimum op- 
erable cut of 500 ft3/ac, the fertilized treatment would have supported a 
commercial harvest by about age 9 (see Fig. 7). The check treatment would 
not have supported an operational clearcut until age 13. 

A third option is to manage the stands primarily for sawtimber and to 
salvage high-risk diseased trees in sanitation thinnings when they contain 
sufficient volume for an operable cut (Froelich 1987). The fertilized 



Table 1. iviw trees by condition class and we. 

Age ' Condition 
Class 

Treatment 
Check Fertilized 

Stem-galled 
Heal thy 
Total 

Stem-galled 
Heal thy 
Total 

treatment had produced sufficient volume by age 13 for this option to be 
applied. 

The removal of all surviving stem-galled trees at this time would have 
produced an intermediate harvest of about 900 ft3/ac. It would have re- 
duced the residual stand to 56 treeslac (Table 1). The imediate harvest 
of all stem-galled trees may not be necessary or even desirable under this 
option. Published (Nmce et ale 1981) transitional probabilities for slash 
pine indicate that more than half of the surviving stem-galled trees should 
live for at least 10 years longer. Immediate harvest of about two-thirds 
of the volume in stem-galled trees in the stand would still produce an op- 
erable cut and would leave a residual stand of 100 trees/ac. In the "sud- 
den sawlogt' study at Crossett, Arkansas, residual stands of 48 to 63 trees/ 
ac contained 12 to 14 thousand board feet (Int. 1/4-inch rule) of sawlogs 
at 30 years (Burton 1982). These stands had been thinned to I00 treeslac 
by age 9 to 15 years. The present study site is at least as productive for 
slash pine as the "sudden sawlog" site is for loblolly pine. So this op- 
tion does hold promise for the fertilized treatment. 

A similar course of action might also be feasible for the check treat- 
ment if salvage thinning was delayed for another 3 to 5 years. 

Conclusions 

In this study, all treatments that stimulated growth increased the 
probability that a tree would develop a fusiform rust infection in the main 
stern. The growth promoting practices may have made stem-galled trees more 
susceptible to ice damage. Otherwise, they reduced or did not affect the 
probability of death by a given age. 

Age at which infection occurred was the most important factor determin- 
ing how long a stem-galled tree would survive. Competition control and 



fertilization together reduced by about 3 years the age at which a sani- 
tation thinning could be made in the plantation or that the plantation 
could be clear cut in a comercial operation. Even though rust infection 
is severe, sufficient ell-free a d  low risk trees remain for the planta- 
tion to be managed for sawtimber as the final crop with an intermediate 
salvage thinning to harvest diseased, poor risk trees, 
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EVALUATING AND PREDICTING TREE MORTALITY ASSOCIATED WITH 
FUSIFORM RUST IN MERCHANTABLE SMSH AND 

LOBLQLLV PINE PUNTATIONS " 

Roger P. Behmger m d  Stanley J. Zarnoch 

Abstsaet- Tree mortality caused by fusiform rust can limit the 
growth a d  final yield of southern pine plmtations. This report 
qumtifies and characterizes rust-associated mortality that occur- 
red over a 7-year period in nonthimed portions of merchantable 
slash and loblolly pine plmtations located in Alabama, Georgia, 
and South Carolina. Methods are presented for predicting the prsb- 
ability of rust-associated tree mortality in merchantable pine 
plantations. Results are discussed in relation to thinning and 
management strategies for reducing losses from fusiform rust. 

There are approximately 38 mil- 
lion acres of slash pine (Pinus el- -- 
liottii Engelm. var elliottii) and 
lobPolly pine (Pinus -- taeda L.)  plan- 
tatisns in the southern lfnited 
States* May of these plmted 
stands are infected with fusiform 
rust , which is caused by Cronart ium 
quercuum [(Berk*) Miyabe ex Shirai 
f .  SD, fusiformeI. Fusiform rust 
can s'ignif icantly areduce the growth, 
yield and product quality of south- 
ern pines. Losses are closely re- 
lated to levels of infection m d  
rust-associated tree mortality ( 
that occur throughout the life of 
the stand (Sehidt and Klapproth 
1982; Mmce et al., 1983; Devine and 
Clutter 1985; Geron and Hafley 
19881, 

Management strategies have been 
developed to reduce losses from fus- 
iform rust. Choice of resistant 
planting material is an effective 
means of reducing M1UB in young plan- 
tations (Schmidt et al., 1981). Sel- 
ective thinning to  remove trees with 
severe stem galls will minimize los- 
ses in older plantations (Belmger 
et ale, 1985; FroePich 1987; Geron 
md Mafley 1988). The success of 
thiming in rust-infected stands is 
based on recognizing the potential 
for tree decline and mortality. This 
paper qumtifies anad characterizes 

that occurred over a 7-year per- 
in nonthinned port ions of mer- 

ehmtable slash and loblolly pine 
plantations located in Alabama, 
Georgia, and South Carolina* Meth- 
ods are presented for predicting the 
probability of in merchantable 
pine plantations* 

"wper presented at Sixth Biennial 
Southern Silvicultural Research Con- bterials h d  Hethds 
ferenee, Memphis, 7iM, Oct. 30-Nov. 
1, 1990. A large-scale cooperative study 

was eshablished i n  the earby 1980s 
Principal Silviculturist and Math- to determine the biological response 

ematical Statisticim, Southeast. m d  economics of thinning stands 
Forest Exp. Sta*, Athens, GA. with fusiforrn rust (Belanger et al., 

1985; Miller e t  al., 1985). 



Treatments are assessed by comparing periodic growth and total product 
yield of thinned and nonthinned portions of merchantable slash and loblolly 
pine plantations, Information about causes and rates of mortality is es- 
sential for the evaluation of treatments and development of pest management 
guidelines. Materials and methods presented in this paper are specific to 
the examination a d  evaluation of in nonthimed portions of the planta- 
tions over a 7-year study period* 

Twenty plmtatirans were selected to represent a wide rmge of stand and 
rust conditions. Ten slash pine plmtations were located in the Coastal 
Plain of Georgia and South Carolina; 10 loblolly pine plantations were lo- 
cated in the Coastal Plain of Georgia and Alabama. The areas of the plan- 
tations ranged from 50 to 200 ac. Four lh-ac permanent plots were estab- 
lished in thinned and nonthimed portions of each plantation. All trees in 
the plots were numbered to maintain their identities throughout the study. 
Diameter at breast height (dbh), number of stem galls, and crown class were 
recorded for each tree. Tree height and detailed rust characteristics 
(gall height and percentage of the stem circumference affected by individ- 
ual galls) were measured for a 20-percent subsample of the study popula- 
tion. The stand, tree, and rust characteristics described in this paper 
are based on measurements of living trees taken at the time the study was 
initiated. 

Study plots were surveyed annually for 7 years to determine cause and 
amount of tree mortality. was defined as any dead tree with a stem 
gall. Counts included stem-breakage if the damage occurred at a gall. 

Analysis of variance was used to compare tree and rust characteristics 
of rust-infested dead and rust-infected living trees. Logistic regression 
models were developed to predict the probability of for slash and lob- 
lolly pine. The dependent variable was 

P = probability that a tree with a least one stem gall will be dead in 
7 years; and 

the independent variables were 

DBH = initial diameter breast height, 
SEV = severity (percentage of stem circumference girdled by most severe 

gall), 
GALLS = number of stem galls on a tree, and 
GALLHT = mean height of stem galls on a tree. 

Since observations were on an individual-tree basis, the observed de- 
pendent variable was not a continuous probability but was a binary variable 
defined as one for dead trees a d  zero for living trees. The PROC LOGIST 
procedure (SAS Institute I n c * ,  1986) with the stepwise option was used to 
select sigrrificant variables and estimate the parameters of the logistic 
model. The R statistic was used to measure fit sf the models. This sta- 
tistic is analogous to the square root of the coefficient of multiple de- 
termination used in the typical regression situation, 



Table 1.-Stad a d  h i f  teristics ~f 10 slash pine 
pbtations used to assess 

Variable Minimum Maximum Mean 

Stand 
Age (yr) 
Site index (ft at 25 yr) 
Trees (no./ac) 
Dbh (in.) 
Weight (ft) 

Rust 
Incidence (stem percent) 35 
Galls/diseased tree 1.4 
Stem circumference galled (percent) 57 

a Values for stand and rust variables are from nonthinned portions of 
plantations at time study was initiated, 

Results 
Stand and Fusiform Rust Characteristics 

The average alie of the 10 slash pine plantations was 16 years when the 
study was initiated (Table 1). Fie& site index was 62 ft at base-age 25 
years. Averwe stocking was 420 living trees/ac, with values for in- 
dividual plantations ranging from 323 to 507 trees/ac. Trees were mostly 
pole-size; with an average dbh of 6.2 inches and an average total height of 
47 ft. 

Both incidence and severity of rust galls were high for the slash pine 
plantations. The average incidence of trees with stem galls was 49 per- 
cent, and values for individual plantations ranged from 35 to 70 percent. 
Diseased trees had an average of 1.8 stem galls with individual galls gird- 
ling an average of 62 percent of the stem circumference. 

Average age of the 10 loblolly pine plantations was also 16 years when 
the initial inventories were made (Table 2). Site index averaged 66 f t at 
base-age 25 years. Stocking levels were high, averaging 480 trees/ac. 
Stocking of individual plantations ranged from 366 to 611 trees/ac. The 
average loblolly tree was 6.7 inches in dbh and 49 ft tall. Fifty-seven 
percent of loblolly trees had one or more stem galls; rust incidence of 
individual plantations ranged from 49 to 73 percent. Diseased loblolly 
trees had an average of 2.1 stem galls with individual galls girdling 67 
percent af the stem circwnference. These detailed stand, tree, and rust 
data were used to characterize in the study plantations. 

Rus t-Associated Mortality 
ual mortality associated with fusiform rust over the 7-year study 



Table 2. Stmd and fusifo ristics of 10 loblolly pine 
platations used to assess roortalityea 

Variable Minimum Maximum Mean 

St and 
Age (yr) 
Site index ( f t  at 25 yr) 
Trees (no./ac) 
Dbh (in.) 
Weight (ft) 

Rus t 
Incidence (stem percent) 49 
Gallsfdiseased tree 1.8 
Stem circumference galled (percent ) 57 

a Values for stand and rust variables are from nonthinned portions of 
plantations at time study was initiated. 

Table 3. Rust-associated w s t d i w  in loner table slash and loblolly 
pine plantatiom. 

Mortality Slash Loblolly 
Trees Volume Trees Volume 

no. /ac f t 3/ac no. /ac f t 3/ac 
.Periodica 

M 51.4 211.7 61.4 179.9 
stem breakage 7.2 46.6 1.5 - - 9.0 

Total 58.6 258.3 62.9 188.9 

Annual 
Total 

a Mortality over a 7-year study period. 

period averaged 8.4 trees/ac in the slash pine plantations and 9.0 trees/ac 
in the loblolly plantations (Table 3). For slash pine, this tree mortality 
represented an average annual volume loss of 36.9 ft3/ac. For individual 

ual volume losses ranged from 15-100 ft3/ac. Stem breakage 
at galls accounted for 18 percent of the total volume loss in slash pine. 
Annual volume loss in the Poblolly plantations averaged 27.0 ft3/ac; aver- 
age losses in individual plantations ranged from 13 ft3/ac to 38 ft3/ac. 



stem breakage was minimal in the loblolly plantations, representing 
only 5 percent of the total volume loss. 

Rust-associated dead trees in the slash pine plantations had a signifi- 
cantly smaller dbh, had more stem galls per tree, had a larger proportion 
of the stem circumference galled, and the average gall was lower on the 
stem thm for rust-associated living trees (Table 4 ) .  Seventy-two percent 

occurred in suppressed and intermediate trees. By comparison, only 
cent of rust-infected living trees were in th er crow classes. 

Dominant trees accounted for only 4 percent sf total 

Similar trends were observed in loblolly pine. consisted mostly of 
small trees with multiple stem galls. Eighty-five percent of the trees 
lost were in the intermediate or suppressed crown class. Most living trees 
with rust were codominant and dominant trees with fewer and smaller stem 
galls. 

Probability of Rust-Associated Tree Mortality 
Logistic regression was used to model the probability of mortality of 

trees infected with stem galls as a function of tree characteristics and 
rust conditions. For slash pine, logistic regression yielded the model 

The variables entered the model in the order specified in the equation and 
the fit statistic was R = 0.59. The loblolly model was 

P = l/(l+exp(-6.33+1.51DBH-O.O24SEv+O.l2cALL-Oe47GALLS)); 
with 

R = 0.70. 

Percentage of the stem circumference girdled (SEV) was the most signif- 
icant rust variable in the model; DBH was the most significant tree vari- 
able. The coefficients of all parameters were biologically reasonable. 
Number of stem galls and severity of stem girdling can be assessed easily 
and quickly in the field. Four categories of potential rust mortality were 
defined based on the following divisions: 

Number of stem galls: 1 per tree 
> 2 per tree - 

Severity: < 60 percent 
2 60 percent. 

The intluence of these rust characteristics on actual tree mortality in 
nonthinned slash pine plantations is shown in Table 5. Mortality was less 
than 10 percent for trees with < 60 percent stem girdling regardless of the 
number o f  stem galls present. Risk of mortality will Pikely remain low for 
these trees. Nmber of stem galls did, however, influence the amount of 

for trees with > 60 percent of the stem girdled by rust. Mortality for 
trees with severe stem girdling and only one stem gall was 31 percent. 
Risk of mortality was defined as moderate for these trees. High-risk trees 
have two or more stem galls, at least one of which girdles 60 percent or 
more of the stem circumference. Mortality for high-risk slash pine trees 
was 48 percent 



Table 4. cteristies of t-arssociated dead and t-associated living 
slash and loblolly pine trees. 

Variable 

Pine 
Slash Loblolly 

Rust-associated 
Dead Living Dead Living 

Tree 
Dbh (in.) 
Height (ft) 
Volume (ft3) 

Rust 
Galls/diseased tree 2.1a 
Stem cir. galled (percent) 77,323 
Gall ht (ft) 9.6a 

Crown class (percent) 
Dominant 4 
Codominant 24 
Intermediate 52 
Suppressed 20 

For a given species, univariate means not followed by the same letter 
are statistically different (Tukey" test: P = 0.05). 

Table 5. Nunber and severity of stem galls influence the observed per- 
centage of rust-associated mortality for individual slash pine trees. 

Severi tyb 
Percentage of rust-associated mortality a 

Number of stem g a l l s  

a Values based on mortality in merchantable nonthinned slash pine plan- 
tations over a ?-year study period. 

b Severity = Percentage of stem circumference girdled by most severe 
gall. 



The influence of rust severity and number of galls on tree mortality in 
loblolly pine plantations is shown in Table 6. for low-risk loblolly 
pine trees was 10 percent, increased to 30 percent for moderate-risk trees, 
and culminated at 41 percent for high-risk trees. Comparison of data for 
slash pink and loblolly pine indicates that rust characteristics influence 
individual tree mortality for the two species in much the same way. 

Table 6 .  r and severity sf st- galls influace the observed percent- 
age of rust-associated mortality for individual loblolly pine trees. 

b Severi ty 
Percenta~e of rust-assoicated mortality a .+ 

Number of stem galls 
1 > 2 

- 

a Values based on mortality in merchantable nonthimed loblolly pine 
plantations over a 7-year study period. 

b Severity = Percentage of stem circumference girdled by most severe 
gall. 

The probabilities of RAM for all trees were predicted from the logistic 
models and compared to the actual risk classification values presented in 
Tables 5 and 6. In all instances, the mean predicted probabilities for the 
risk categories were similar (+ 0.08) to the observed values. 

The potential for mortality and volume loss is greatest in stands with 
a high proportion of high-risk trees. Since stand inventories often con- 
tain the percentage of trees with stem galls, simple linear regressions 
were developed to predict percentage of high-risk trees on the basis of 
rust incidence. For slash pines there was a close relationship (RZ = 0.78) 
between the percentage of high-risk trees and the percentage of rust (Fig. 
1 ) .  This relationship weakened (RZ = 0.45) for loblolly pine (Fig. 2). 
Other tree or stand variables did not have a significant effect on percent- 
age of high-risk trees. 

Discussion 

Fusiform rust is a detrimental component of many merchantable slash and 
loblolly pine plantations. It is important that the potential for rust- 
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associated losses be recognized in the planning and practice of plantation 
management. Incidence of rust can vary considerably depending on enxriron- 
mental, biological, and cultural conditions specific to sites, Losses from 
rust-associated mortality, reduced growth, and product degrade obviously 
increase as rust incidence increases. This study shows that there is a 
strong relationship between rust incidence and levels of probable tree mor- 
tality. For slash and loblolly pine, as the proportion of trees that have 
stem galls increases, the proportion of these trees that are high-risk and 
likely to die also increases. 

Thinning is a silvicultural means of salvaging potential 
of trees removed will depend on required residual spacing, selected stock- 
ing level, and specific management objectives. Risk associated with sever- 
ity of rust infections should determine what trees to remove. Trees with 
severe stefn girdling and multiple galls should be selected first.. The risk 
of RAM is highest for these trees. Moderate-risk trees--stem with one se- 
vere gall--should have second priority in thinning. Low-risk trees can be 
removed as needed. The removal of trees with severe or multiple stem in- 
fections is particularly important when the management objective is to grow 
an optimum yield of quality sawtimber. 



The results and recommendations presented in this paper are based on 7 
years of detailed measurements and ual surveys of Although pr 
ability values will increase with t , it is unlike1 hat trends in 
will be significantly altered over the course of normal 25- to 30-year ro- 
tations. Tree mortality and volume loss associated with high-and moder- 
ate-risk trees will continue to be a problem unless corrective measures are 
taken. Selective thinning of diseased trees will salvage potential mor- 
tality caused by fusiform rust, improve stand quality, and amend forest 
health. 

Research reported in this paper was supported in part by the Integrated 
Forest Best Management Cooperative centered in Gainesville, FL. 
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OAK DECLINE IN THE LOWER MISSISSIPPI RIVER VALLEY " 

Francis I, McCracken, Vernon on, James D. Solomon, and T. Evan Nebeker 

Abstract. Oaks in some areas of the South have been seriously af- 
fected by decline and mortality. Losses are apparently caused by a 
variable complex of biotic and abiotic factors. This study was un- 
dertalten to characterize decline and to develop a hazard rating 
system' Discriminant analysis identified 10 functions that explain 
82 percent of the variation between decline and control plots. 
Canonical function analysis indicated that decline plots tend to 
have less growth, fewer dominant trees, poorer crow condition, and 
higher soil pH. Stress periods associated with droughts and storms 
were identified in growth ring analysis, Mean annual basal area 
increment (BAI) differentiated control from decline plots for sev- 
eral decades before decline smptoms appeared. Recent decreases in 
BAI at some locations appear related to reduced sumer rainfall, 

Oaks and associated hardwoods 
are among the most valuable timber 
resources in the south central Uni- 
ted States, providing about one- 
third of the national sawtimber vol- 
ume, unique habitat for many other 
plats and animals in both wetland 
and upland forests, and recreational 
opportunities for many people. 

Decline in vigor and death is an 
orderly natural process in hardwood 
forests as with other life systems* 
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However, when decline and death pro- 
ceed faster than expected for a giv- 
en site and species combination, 
private and public user groups be- 
come concerned. Research can pro- 
vide information on the nature of 
decline and associated conditions 
that will help reduce losses to more 
satisfactory levels. However, re- 
sults to date have not identified 
the causes of oak decline, nor have 
they provided enough informat ion to 
deal with oak decline. A knowledge 
of the complex interaction of host, 
stand, site, climate, pests, and ot- 
her factors involved in decline is 
needed 

More thm 26 decline events af- 
fecting nearly all oak species in 
eight eastern states have been re- 
ported over the last 130 years. 
Fourteen factors have been cited as 
primary or secondary agents contrib- 
uting ts decline and death, includ- 
ing late freeze (Beal 1926), drought 
(Balch 1927, McIntyre and Schnur 
1936, True and Tryon 1956, Staley 
1965, Lewis 1981, Tainter and Bensen 



1983), two-lined chestnut borer (Chapman 1915, Staley 1965, Dunbar and 
Stephens 1975), gypsy moth (Baker 1941, Skelly f974), armillaria root rot 
(Long 1914, B&er 1941, Fergus and lbberson 1956), hypoxylon canker (Thomas 
and Boza 1983), Ganoderma root rot (Lewis 1981), aspect (Gillespie 1956, 
Kegg 1973), slope (Gillespie 1956, Tryon and True 9958), poor soils (Hursch 
and Haasis 1931, Staley 1965), encroachment of civilization (hull 1932), 
and changing climate (Hepting 1963). 

Numerous biotic and abiotic agents apparently act together in a poorly 
understood complex to cause oak decline. Current challenges to research 
include identifying the factors that cause decline, pinpointing where and 
how these factors contribute to decline, and evaluating their individual or 
collective impact. Our objectives were to collect biological and edaphic 
data to gain insight into the causes of decline and to develop a predictive 
model of oak decline in the mid-South. The model will help to identify 
stands that require silvicultural treatments to prevent or lessen the ef- 
fects of decline and will prioritize among stands needing treatment. 

Materials And Nethods 

Hardwood forests within the Mississippi River drainage basin were ob- 
served. Plots were located on the Mark Twain National Forest, MO; Trigg 
County, KY; Tipton County, 'IN; Black River Wildlife Management Area, Arkan- 
sas; Hurricane W e  Wildlife Management Area, AR; White River National 
Wildlife Refuge, AR; Delta Experimental Forest, MS; Delta National Forest, 
MS; Bluff Experimental Forest, MS; and the Tensas River National Wildlife 
Refuge, LA. Variable-radius plots containing declining trees were estab- 
lished using a 10-basal-area factor angle gauge. Plots containing trees 
free of decline symptoms were established as controls. Tree and stand data 
recorded for each plot included species, diameter, basal area, form, logs, 
sticks, crown class, crown condition, last year's growth, growth last 5 
years, and growth last 10 years (Table 1). The growth increment of three 
trees in each plot was metered to the nearest 0.01 mm (both metric and Eng- 
lish measuresment units have been used ; hence, inconsistencies may occur) 
with a Henson computer-compatible incremental measuring instrument. Sample 
trees were cross-dated and annual radial growth increments were converted 
to mean basal area increment (BAI). Climatic data from the nearest record- 
ing station were matched and compared with the growth data at several loca- 
tions. Site data recorded were slope, aspect, topographic position, site 
index, percentage of organic matter, pH, cation exchange capacity, and min- 
eral analysis (M, P, K, Ca, Mg, Zn) (Table 2), 

Discriminate analysis and canonical analysis (Kleck 1980) were used to 
distinguish between control and decline plots in the model development 
phase of analysis. Visual interpretation of graphs helped to identify 
trends. 

Results 

Data were collected from more than 3,000 trees in 151 field plots at 10 
locations in 6 states in the Mississippi River drainage basin. One hundred 
five field plots contained trees in various stages of decline, and 46 con- 
tained trees with no evidence of decline. 



Table 1. Tree variables red on decline and control plots in the 
Mississippi Ever drai in. 

Tree variable Recorded 

Species Species 

Diameter Inches at dbh 

Basal area Square feet (ft2) 

Form 1 = Straight bole, no major branching 
2 = Some stem curvature and/or major branching in first log 
3 = Crooked or hollow bole 

Logs Number of 16-ft logs for trees over 10 inches dbh 

Sticks Nwber of sticks (5-ft cylinder of wood at least 4 inch 
diameter) for trees under 10 inches dbh. 

Crown 1 = Dominant 2 = Codominant 
class 3 = Intermediate 4 = Suppressed 

Crom 1 = Healthy tree 
condition 2 = < 113 of crown affected 

3 = 1/3 to 2/3 of crown affected 
4 = >2 /3  of crown affected 
5 --- Dead tree 

Growth Millimeters (in last year, 5 years, and 10 years) 
(radial) 

Tree and Stand Variables 
Red oak (Quercus falcata spp.) species predominated in both decline and 

control plots, averaging 60 and 55 percent, respectively, with white oak 
(g. alba spp. ) species accounting for 12 percent of the trees in decline 
plots and 11 percent in the control plots. Nineteen other hardwood species 
comprised the balance of 20 to 30 percent (Fig. 1A). Typical decline and 
control plots contained from 11 to 12 trees averaging 18.8 inches in di- 
ameter and 1.6 logs (Fig. 1B). Approximately 63 percent of the trees grow- 
ing in control plots exhibited straight boles without major branching, 15 
percent had some curvature and/or major branching in the first log, and 16 
percent were crooked or hollow. Percentage distribution of trees in de- 
cline plots within form classes 1, 2, and 3 was 61, 13, and 16 percent, 
respectively (Fig. I C ) ,  Distribution of crown classes of trees in decline 
and control plots was similar (Fig. 2A). Sixty-seven percent of the trees 
in both control and decline plots were dominant or codominant, 



Table 2. Sire v a  in decline and control plots in the 
Mississippi Ever  

Site variable Recorded 

Slope Percent 

Aspect 0 - M  2 = W  2 = E  3 == SE 
4 = 5  5 = SW 6 = W  7 = m  

Topographic 1 = Uplmd ridge 2 = Side slope 
posit ion 3 = Upland bench 4 = Upland bot tom 

5 = Bottomland slough 6 = Bottomland flat 
7 = Bottomlad ridge 8 = Bottomland terrace 

Site index Height and age of three dominant/codominant red oaks 

Soil pH, percent organic matter, cation exchange capacity, 
components mineral analysis (N, P, K, Ca, Mg, S, Zn) 

In decline plots, 11 percent of the trees were dead and 51 percent were 
expressing foliar, twig, and branch decline symptoms in one-third of their 
crowns. Another 9 percent of the plot trees exhibited decline in one-third 
to two-thirds of the crow (Fig. 2B) Mean radial growth for trees in de- 
cline plots for the previous year was only 1.5 mm, compared with 2.5 mm for 
trees in control plots. Mean 5- and 10-year growth increments of trees in 
decline plots were 8.1 mm and 16.5 mm, respectively, whereas those in con- 
trol plots grew markedly better, averaging 12.8 and 26.5 mm during the same 
periods (Fig. 2C). 

Site Variables 
Most of the plots were on sites with less than 5 percent slope (Fig. 

3A) and north aspect (Fig. 3B) -  The topographic positions of 76 percent of 
the control plots a d  69 percent of the decline plots were classified as 
either bottomland ridges or bottomland flats. (Fig. 3C).  Basal area/ac and 
site index for decline plots averaged 125 and 90, respectively, and for 
control plots, 115 and 98. Recorded soil characteristics varied by loca- 
tion; however, soil pH was consistently higher in decline plots than in 
control plots. 

Weather Factors 
Direct comparisons of mean ual radial growth and amual rainfall at 

Stoneville, MS, showed a distinct relationship. Major periods of low rain- 
fall, such as the drought periods during the mid-2920s, 1940s, 1 9 5 0 ~ ~  and 
1960s corresponded with reduced growth. Tree crown damage from accumula- 
tion of glaze ice i n  the early 2970s apparently slowed growth despite ade- 
quate rainfall (Pig. 4). Similar results were obtained at locations in 
Missouri a d  Mississippi where weather records were available. The mean 
BAI of decline a d  control plots at Stoneville, NS, distinguishes two dis- 
tinct populations since 1948 ( F i g ,  5). Comparable results were obtained at 
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all other locations except those near Vicksburg, MS, and Covington, TN. 
However, separation of decline from control populations varied by several 
years 
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Goncllusions 

Preliminary analysis o f  data collected from plots in the Hississippi 
River drainage basin identified 10 discriminant functions that explain 82 
percent sf the varia"cie8n between decline m d  control plots* Subsequent 
canonical function malysis indicated the following tendencies for selected 



variables in decline plots: soil pH is higher, growth is less, there are 
fewer dominmt trees, and percent crown conditions 2 (< 113 of crown af- 
fected) a d  4 (> 213 of crown affected) are higher. Previous stress per- 
iods associated with droughts and winter storms were evident in growth ring 
malysis. The mean annual basal area increment (BAZ) differentiated con- 
trol from decline plots for several decades. However, separation of de- 
cline from control plots by BAI varied by location, indicating that site 
and stmd factors are involved rather than specific timed events. These 
data indicate that long-term climatic trends accompanied by short-term en- 
vironmental and biological stress factors are involved in hardwood decline 
and mortality* Continuing analysis and research will attempt to identify 
additional, more specific, nonvisual indicators of standard sites subject 
to decline. 
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EXPLORING VARIATION IN THE CONSTITUTIVE DEFENSIVE SYSTEM 
OF WOODS RUN AND FULL-SIB FAMfLIES OF LOBLOLLY PINE 

IN REMTION TO BARK BEETLE ATTACK ' 

11. Evan Nebeker, John D. Bodges, Catalino A. Blanche, C. Ronald Wonea, 
and Robert A. TisdaLe 

Abstract. The constitutive defensive system of southern yellow 
pines has been the subject sf considerable research efforts over 
the past few years in relation to bark beetle attack. During 1988, 
1989, and 1990 trees of own parentage (woods run) were wounded 
at different times during the day and total resin flow measured 
hourly for 24 hours. Rate of flow was calculated. Significant 
differences in flow were found at the beginning of the 24-hour per- 
iod for all years. The year 1988 was the only period that these 
differences continued for the entire 24 hours. Patterns of flow 
were similar for all years with 70 to 87 percent of flow occurring 
within the first 8 hours after wounding. Total flow over a 4-hour 
period, rate of flow, and relative viscosity were measured on 14 
full-sib families in 1987, Significant differences between famil- 
ies were detected for all parameters measured. These parameters 
have been suggested as being useful in predicting relative host 
susceptibility to bark beetle at tack. Certain families are sug- 
gested to be potentially more resistant to bark beetle attack than 
other families based on these parameters of interest. Findings 
presented here, although preliminary, are encouraging in that it 
may be possible to incorporate potential bark beetle resistance 
information into tree improvement programs. 

Introduction. 

Forest pests, principally in- 
sects, cause millions of dollars in 
loss to the economy 
research effort has been expended on 
these pests, but most of the re- 
search has been fragmented. It has 
dealt with only one aspect of the 
problem, such as insect biolou, 
sampling, population dynamics, stand 
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hazard rating, or direct control 
measures. These research efforts 
have added immensely to our under- 
standing of the pests and the hosts, 
but in no case have we progressed to 
the point where we have really ef- 
fective means for controlling or 
keeping the pest in check. The ma- 
jor reason why we have not been more 
successful is that for most pests, 
and especially the insects, we still 
do not understand the very basic in- 
teractions which take place between 
the pest and the host tree. For ex- 
ample, with the southern pine beetle 
(sPB) (Dendroctonus frontalis Zimm. ) 
we have been unable to explain how 
the beetle and its associated fungi 
overcome the natural resistance of 
the tree, colonize, reproduce, and 
ultimately kill the tree. Such ba- 
sic information is essential for ef- 
fective pest management. 



The work presented here is a continuation of a previous study (Nebeker 
et al. 1988). The specific objectives of that study were to determine the 
variability m d  extent to which specific traits of the constitutive defens- 
ive system of loblolly pine (Pinus -- taeda L.) are controlled by enviroment- 
a1 versus inherited characteristics, and to relate trait variability to 
known population processes of the SPB. In the previous study, Nebeker et 
al. (1988): (1) reviewed known factors associated with SPB infestations; 
(2) suggested that information concerning the oleoresin secretory system be 
utilized in tree improvement programs to increase the potential resistance 
to bark beetle attack; (3) described the methodology that was developed to 
address questions concerning the following components of the constitutive 
defensive system (specifically total resin flow, relative viscosity, rate 
of initial flow, and resin duct densities); and (4) compared these compon- 
ents with respect to specific half-sib families at different locations. 
The traits which they investigated included physical and morphological 
characteristics of the oleoresin secretory system* Here we will address 
only the physical characteristics of the oleoresin secretory system. The 
objectives of this study were to: (1) determine if differences occurred in 
total resin flow and rate of resin flow in relation to time of wounding; 
and (2) determine if there were differences in total resin flow, rate of 
resin flow, and relative viscosity between 13 full-sib families of Poblolly 
pine. 

Methods And Procdures 

Time sf Wounding 
Total and rate of resin flow were determined on loblolly pine trees 

that originated from a local, unselected natural seed source. The trees 
were located in a plantation on the John W. Starr Memorial Forest in Mis- 
sissippi. Trees were 31 years of age in 1988* They were smpled during 
1988, 1989, and 1990. Oleoresin flow was determined by wounding the tree 
with a 234-cm diameter arch punch. Care was taken to prevent scoring of 
the qlem. The goal was to cut through the corky bark and phloem to the 
cmbiw, After the wounding, a triangular-shaped piece of alminwn, with 
edges folded upward (P. L. Lorio, Jr., personal comunication 1987), was 
placed under the wound in a groove cut into the bark to direct the flow of 
resin into a section of disposable pipette for collection and measurement, 
The pipette was attached to the tree using a fencing staple or a rubber 
stopper and nail. Four wounding times, 8:00 a. m., 12:00 p.m., 3:00 p.me, 
and 7:00 gem., were used in 1988 and 1989. During 1990 wounding times vere 
7:00 a-me, 11:00 a.m., 3:00 p.m., and 7:00 p.ml Resin flow was recorded 
hourly for each start time for 24 hours. The first wound was made on the 
north aspect followed by the west, south, and concluded on the eastern as- 
pect for the four vowding times. This was done to simplify recording sf 
the data; there is no relationship between position of woud and resin flow 
(Nebeker, unpublished data). Twenty trees were used in 1988 and 1990, while 
24 trees were used in 1989. 

Full-Sib Families 
The data for 13 full-sib families were collected from a 21-year-old 

lobLoLly pine plantation located near New Burn, North Carolina, during 



1987. Each fmily consisted of a minimum of three replicates. Rate of 
flow was measured by first drilling a hole (0.95 cm dimeter x 2 cm deep) 
through the bark and into the outer layers of xylem (at breast height) and 
driving a glass tubing (20-cm long, 9 nun outside dimeter, and 2 '9  m in- 
side dimeter) into the hole leaving a gap to provide a reservoir for the 
resin to collect. Rate of flow was then determined by timing the resin 
headflov over a certain distance through the flow tubel Total E ~ Q W  was 
determined by attaching a pipette to the end of the tube and allowing it to 
Elow for 4 hours. 

Relative viscosity was determined by dropping a BB (34-5  g )  into the 
resin that had accumulated in the pipettes. The time i-tsok the BB to 
travel 20*5 m, the distance betveegl I - m l  markings on the pipettes, or 
10.25 m, the distance between 0.5-ml markings, was recorded. Measurements 
were made as soon as 1.5 ml of resin had accumulated, or at the end of the 
4-hour period if at least 0.9 ml of resin was available. Pipettes removed 
before the end of the 4 hours were replaced with new pipettes* If it ap- 
peared the BB was being hmpered due to crystallization of the resin, the 
sample was discarded* 

Data were malyzed using agaalysis of variance (ANOVA) with alpha equal 
to  0.0% for all malyses* If results of MOVA indicated sipificmt dif- 
ferences, then the Least Sipifiemt Difference procedure (LSD) was used to 
determine where those differences occurred, The malyses were accomplished 
using SPSS Vo40  computer progrm OW-WAY (SPSS Lnc. 1990). Appropriate 
trmsformtions were performed to meet assumptions of homogeneity of var- 
imce where necessaq. 

Results 
Time of Wowding 

P988* Trees wounded at 7 p.m. had significmtly greater flow thm 
trees wounded at 8 a.m. and 12 p.m. for the first hour and for hours 10 
through 24 (Fig. I), Prom hours 2 througPl 9, trees waunded at 7 p.m. had 
sipificmtly greater flow thm trees wounded at 8 a.m. There were no sig- 
nificant difierences between trees wounded at 3 p.m. m d  other wounding 
times* The rate of flow was greatest for a31 groups during the first 2 
hours except far  the trees wowded at 7 p.m., which decreased between the 
first and second hour (Fig. 21, After the second hour the rate of flow de- 
creased rapid9y for all groups utiE the eighth hour after wornding. After 
this time 33.1, flow rates leveled off at very low valuess Between 70 and 76 
percent of the total flow occurred within the first 8 hours after wowding. 

8989- Trees wounded at 12 peme ,  3 pern., a d  7 gem. had significtvltly 
greater flow thm trees wowded at 8 asm. for the  first hour* For the see- 
and a d  third hours after warnding, the total flow for trees wounded at 12 
p a .  a d  3 p.me was greater than the flow for trees wounded at 8 a.me. The 
flow for the trees wounded at 7 p.m* was not s i p i f i c m t l y  different from 
aaty other groups during this time. For the remainder of the 24-hour period 
there were no sipificant differences in t o t a l  flow between m y  of the 
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groups. Rate of flow was similar for all groups. There was zn increase in 
rate of. flow between the first and second hour, after which there was a 
rapid decrease until the eighth hour after wounding. After this time all 
flow rates were approaching zero. Between 70 and 86 percent of the total 
flow occurred within the first 8 hours after wounding, 

1990. Trees wounded at 11 a.m. had significantly greater flow than 
trees wounded at 8 a.m. for the first hour, For the reminder of the 24- 
hour period there were no significant differences in total flow between any 
of the groups, The results for flav-per-hour were similar to those obtain- 
ed in 1989. There was an increase in rate of flow between the first and 
second hour, af ter which there was a rapid decrease until the eighth hour 
af ter wounding. After this time, all flow rates leveled off at very low 
values. Between 82 and 87 percent of the total flow occurred within the 
first 8 hours after wounding. 

The results obtained in 1988, 1989, and 1990 were similar in patterns 
of resin flow to those obtained in 1987 (Mebeker et al. 1988). No signif- 
icant differences in resin flow were found at any time in 1987, however 
there were no 3:00 p.m. or 7:00 p.m. wounding times. In the 3 years fol- 
lowing the initial study all significant differences involved the 3:00 p.m. 
or 7:00 p.m. wounding times. 

Full-sib Families 
Total flow. There were significant differences among the full-sib fam- 

ilies for total resin flow (F = 5.5934; df - 12,  42; P<0.0001) (Fig* 3). 
Fmilies 1, 2,  3, 5, and 6 have a parent in common a d  had the highest to- 
tal flow. Families 11 and 13 had the lowest total flow and had a parent in 
common. This finding suggests that the constitutive defensive system is 
under genetic control: 

Rate of flow. There were significant differences among the full-sib 
families for rate of flow (F = 4.7019; df = 11, 34; P = 0.0002) (Fig. 4). 
Rate of flow for Family 10 was omitted due to a limited sample size of one. 
The greatest rate of flow occurred in Family 23 while the least rate of 
flow occurred for Family 9. 

Viscosity. Through the analysis of variance it was also determined 
that there were significant differences among the full-sib families for 
relative viscosity (F = 8.370; df = 12,  132; P < 0.0001) (Fig. 5 ) .  The 
greatest relative viscosity occurred in Family 13 and the least in Family 
9. 

The constitutive defensive system of lsblolly pine is important in the 
study sf tree resistance to bark beetle attack* Mason (1971) made a simi- 
lar statement when attempting to explore the factors that influence oleo- 
resin flow. Lorio and Wodges (1977) demonstrated that reduced oleoresin 
exudation flow is associated with successful attacks by the SPB. Their da- 
ta showed a flow of 8.4 and 5*6 ml for wsuccessful attacks, and 1.6 ml for 
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MEAN RELATIVE VISCOSITY Resin viscosity is another var- 
iable used in distinguishing SPB- 

relative viscosity resist& and susceptible loblolly 
Mrt?w pines (Hodges et ale 1977, 1979). 

Viscosity is also believed to be 
genetically controlled (Mdepolds 
1971), The resistmce mechanism 
can be viewed as a persistent 

barrier to colonization, acting by slowing down the beetle, and hence 
increasing the probability of mortality. Theoretically, viscosity is 
governed primarily by the chemical composition of the resin, especially the 
level of monoterpenes, since these compounds act as solvents for the resin 
acids. TIre greater the concentration of resin acids, which are the most 
toxic components of oleoresin, the greater the viscosity, 

Nebeker, et al .  (1988) suggested that tree improvement programs in gen- 
eral have not been aimed at improving resistmce to bark beetles. Numerous 
other criteria have been utilized in selecting material for propagation. 



We suggest that now, with our increased understanding of the constitutive 
and induced defensive systems within pine, we can begin to look to the sel- 
ection of material that would be less susceptible or suitable to bark 
beetle attack and colonization. There is still a tremendous lack of know- 
ledge as to the impact these systems have on the dynmics of the bark be- 
etle and associated populations. Mowever, with our increased knowledge of 
these systems we can select trees for controlled experiments to determine 
the impact on the d p m i c s  of these economically importmt pest species. 

We are grateful to Werhaeuser Company for providing the study sites 
and appropria* documentation associated with these sites. Fmds for this 
study were provided in part through the Mississippi Agricultural and Foses- 
try Experiment Station, Contribution Nmber PS-7625 and the USDA Office of 
Grants and Progrm Systems Competitive Research Grants Program, Insect Pest 
Science-Bark Beetles Moo 86-~~-1-2134e 
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THE APBLIICABILITY OF STEM ELECTRICAL RESISTANCE 
IN RATING LOBLOILLY PINE TREE VIGOR " 

Catalino A. Blanche, T. Evm Nebeker, John D. Nodges, 
Jeff J I  Schitt, and 6. Ron Honea2 

Abstract. This investigation was conducted to determine the appli- 
cability of stem electrical resistance (SEPZ) as a means for asses- 
sing loblolly pine (Pinus -- taeda L. ) tree vigor. The investigation 
consisted of: (I) measuring SEX of dominant, intermediate, and ov- 
ertopped trees growing in 28 stands with different site indices; 
(2) monthly measurements of SER of dominant trees from six plots 
with varying site indices; and (3) relating SER with tree and site 
variables from stands representing bottomland and upland sites. 
SER was found independent of site index and was effective in dif- 
ferentiating the three crown classes of loblolly pine trees. 
Monthly measurements of SER revealed a definite seasonal pattern 
with the period of most active growth coinciding with the period of 
lowest SEX values* Sm was inversely related to all the tree and 
site variables except soil moisture which was positively correlated 
for bottomland site and negatively correlated for upland site. 
Monthly air temperature was the most highly correlated variable 
with SER, thus partially explaining the high degree of seasonality 
in SER* 

There is a close association be- 
tween tree vigor and southern pine 
beetle (Dendroc tonus f rontalis 
Zim.) (SPB) attacks (brio 1973; 
Coulson et al., 1974; Belanger et 
al., 1979; Hicks et al., 1978). 
Vigorous pine trees resist bark 
beetle attacks more than nonvigorous 
ones. Thus, the improvement of tree 
and stand vigor through silvicultur- 
a1 practices has been recornended as 
a means of reducing the risk of SPB 
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infestations (Belanger a d  Malae 
1980, Nebeker et al. 1985)* How- 
ever, tree vigor estimation is dif- 
f icul t , t ime-consuming , and of ten 
times subjective. Hence, the search 
for a simple, inexpensive, and re- 
liable method for assessing tree 
vigor is desirable not only in terms 
of making better pest management de- 
cisions, but also in determining 
silvicultural options for stand im- 
provement and management. Although 
dimeter growth, stem growth per 
unit of leaf area (Waring et all, 
1980), and leaf area-sapwood area 
ratio (Blanche et ale, 1985) have 
been satisfactorily used in tree 
vigor assessment, they are more in- 
dicative of past performance (vigor 
history) than current vitality. 
Vigor comparisons of trees of dif- 
ferent ages that grow on areas of 
varying si te qucali ty are problem- 
atic. We proposed to resolve this 
problem using stem electrical re- 
sistance (SER) as an integrating 



variable for physiological vigor, the rationale being that SER functionally 
reflects the current ionic or nutrient, moisture, pathologie, and stress 
conditions of trees as well as growth activities (Ritching 1966; Polozhent- 
sev m d  Zolotov 1970; Shigo and Shigo 1974; Shortle et ale, 1977; Blanchard 
and Carter 1988; Blanchard et ax., 1983; Piene et ale, 1984; Tippet t and 
Barclay 1987) 

The specific objectives of these studies were to: (1) determine if site 
index influences SEX4 in loblolly pine (Pinus -- taeda L.); (2) determine how 
SEX is related to tree growth and environmental factors; m d  (3) describe 
the seasonal pattern of SEX in loblolly pine and to relate to known 
phenological events. 

Haterials And Methods 
Stand Selection m d  Description 

Twenty-eight loblolly pine plantations were selected in six east- 
central Mississippi and wes t-central Alabama counties. Four teen of these 
were from the upper coastal plain, two from the Pontotoc Ridge (Ripley 
formation), five from the Tombigbee sand-gravel (Eutaw formation), and five 
from the, interior flatwoods (Porter's Creek clay). These stands ranged 
from 21 to 26 years old with dbh ranging from 15.5 to 28.7 cm and had an 
average stmd density of 1,284 trees/ha. Site indices at age 25 ranged 
from 14 to 28 m (46-92 ft). These same stands are currently being used for 
nutrition-productivity studies at Mississippi State University* 

Core Sampling and $El Measurements 
Three trees representing three crown classes (dominant, intermediate, 

and overtopped) were safnpled from each stand. Prom each tree, two cores 
were extracted at right angles to each other at breast height. SER was 
obtained from the north and south sides of the stem with a field of ohm- 
meter (Osmose Shigometer model 02-67). This was accomplished by horizon- 
tally inserting the stainless steel probe pins (mean pin separation was 1.8 
cm) with one pin directly above the other, through the bark, and into the 
outer xylem. The pins were cleaned with 80 percent ethanol between inser- 
tions. Since electrical resistance is known to vary seasonally (Fensom 
1963; Newbanks and Tattar 1977; Davis et al., 1979), the SEZ measurements 
and core sampling were done on two clear days in July (1st and 2nd). 

Growth Measurements 
Xylem radial increment for the last year and the last 5 years were 

measured from the cores with a microcaliper under a dissecting microscope. 
The same cores were then reacted with diazotized benzidine dihydrochloride 
for sapwood-heartwood differentiation (Blanche et al., 1984), after which 
the sapwood area was determined. Relative xylem area growth was expressed 
as a percent o f  last year's xylem area growth over sapwood area. ~ata were 
analyzed through analysis of variance, correlations, and regressions. 

Seasonal Measurements of Sm 
Six plots, ranging in mean site index (age 25) from 21 to 33 m, were 

selected in Winston and Oktibbeha counties, Mississippi. Five trees were 
utilized sn each plot, and they ranged in dbh from 24.13 to 36.58 cm, in 
height frsm 18.9 to 26.8 m, and in age from 28 to 47 years. Plots were 



visited at approximately 38-day intervals on mornings, Measurements ob- 
tained were air temperature and four SER readings taken at dbh, approxi- 
mately 90 degrees apart. 

SER in Relation to Xylem Growth and Environmental Factors 
Two loblolly pine stands (a 27-year-old on an upland site and a 24- 

year-old on a bottomlad site) were monitored during the growing period 
(May to October) for Sm, air temperature, soil moisture, and temperature. 
smile trees consisted of 10 dominant, 10 intermediate, and 10 o;ertopped 
from each stand. Two core samples were extracted at right angles to each 
other from each tree at dbh at the end of the growing period (November 15). 
Xylem radial increment for the current year was measured from each core, 
a d  the corresponding vlem area increment was calculated* k t a  were anal- 
yzed through regression using linear and nonlinear equations' 

Results And Discussion 
SIB and Site Index 

SER was not significmtly affected by differences in site index (Table 
1). This was true for all crown classes. Although Sm appeared to be in- 
dependent of site index, it was effective in detecting crom differenti- 
at ion, especially between overtopped and dominant individuals. Similar 
relationships between SE3 and crown class were observed in white pine (P. 
strobus L.) (Kostb and Sherald 1982) and oak (Quercus spp.) (Wargo and 
Skutt 1975). Since age and height of dominant and codominat trees are di- 
rectly involved in site quality determination, our results imply that SER 
is independent of age m d  height, which makes SER a very useful measure of 
tree vigor for comparative purposes* However, depth of tissue probed must 
be constmt for this implication to  be valid (Tippett and Barclay 1987). 
Because SEX did reflect the crown differentiation and conditions of the 
individual trees, any factor affecting crown competition is bound to in- 
fluence Sm, Evidence for this was found by Smith et al. (1976) who 
reported that trees released from crown competition through thinning had 
lower SIB than nonreleased trees. 

Crown Class a d  Potential Measures of Vigor 
The classic crom classification was used in this investigation as the 

standard measure of vigor for the purpose of comparing other potential 
measures of vigor, Potential measures of vigor closely agree with crown 
differentiation (Table 21, All potential measures of vigor but one corres- 
ponded to differences in crow class. The intermediate crom class was 
distinguishable from the dominant using the ratio of last year's xlylem area 
growth and sapwood area, but the overtopped was no different from neither 
the dominmt MOT the intermediate. These may be due to an increasing level 
of crom  omp petition currently being experienced by the intermediate class, 
which may eventually drive this class to an overtopped condition. Unexpec- 
tedly, the ratio o f  last yearts qxylem area growth to sapwood area was not 
effective in distineishing the three cram classes. The relatively lower 
ratio for the intermediate versus the overtopped trees was unusual, and we 
could not offer m y  explmation for this. 

Relationshir, of SEX with Tree Growth Characteristics 
Last yearf s xylem area growth (XAG1) i s  invgrsely related to stem elec- 

trical resistace (Table 3). The power (U = aX ), logarithmic ( Y  - a + b 



Table 1, Stern electrical resistace of cram elasses in relation to 
site index, 

Site index classes (at age 25) 
Crom class 12-15m 18-21m 24-28m 

------------------ ohm ------------------ 

Overtopped 34.37 a1 29,26 a 35.6Oa 
Intermediate 28.25 ab 20*94 b 22.90ab 
Dominant 16.63 bc 12*89 c 17.10 bc 

"umbers followed by the same letters in a column are not statistical- 
ly different at the 95 percent level of simificance. There were 
no significmt differences among site index elasses within each 
crown class. 

Table 2, Potatid wes of tree vigor in relation to cram classes. 

Crom class 
Measures of vigor Overtopped Intermediate Doninant 

Stem electrical 
resistance, K ohm 31.59(+3.11)l - 21*96(+1*96) - 13.82(+4,70) - 

Last year's xylem 
area growth, cm2 3.40(+0.71) - 6.06(+1.36) - 17.87(+2.91) - 

Last 5 year's xylem 
area growth, cm2 24.57(+3.98) - 39.97(+6,76) - 90.%2(+13.42) 

Last year's sxy l  area/ 
sapwood area, percent 3.15(+0,46) - 2.67(+0.38) - 4.20(+0*54) - 

Values in parentheses are confidence intervals at 95 percent, 

In X), and the reciprocal (Y = a + b/X) functions provided a better explan- 
ation of the variation in last year" x y h  emarea growth in relation to the 
variation in stem electrical thm the linear function ( Y  = a + bX). All 
the growth characteristics were inversely related to SER (Table 4). The 
ratio of fast year's xylem area growth to sapwood area (USA) was the 
growth characteristics most poorly correlated with SER ( r  = -0.22), a find- 
ing that was not expected given that this ratio is the basis of the model 
of host resistance to bark beetle at tacks (ba'aring and Pitman 1980)- The 
correlation between SlER and dbh (r = -0.68) is comparable to those obtained 



Table 3. Relationship of last year's xylem area (y) d st- electrie- 
al resistance (x). 

Corr. coef, 
Function a coefficient b coefficient (r) 

* The correlation coefficient (r) in nonlinear regression is not as 
meaningful as the index of fit. 

Table 4. A correlation matrix of stem electrical resistance (SW), di-  
t height (dbh) , last year's xylem area p w t h  ( 
1- area growth (XAGS), XAGl over s a p w d  area ( 

and sapwood area (SA). 

Variables SER DBM XAG1 ZrK5 XlllSA 1FA 

SER 
DBH 
XAGl 
XA65 
XASA 
S A 

from different species such as oak (Wargo and Skutt 1975), red maple (Acer - 
rubrum L. ) (Carter and Blanchard 1978), sugar maple (A. saccharum Marsh. ) 
(Newbanks and Tattar 1977), and lodgepole pine (P. contorta spp.) (Cole 
1980). Of all the characteristics, dbh was the mos t-highly correlated vari- 
able with SER. This could be attributed to the generally thicker phloem 
layer in larger trees providing greater depth of tissue probed. Tippett 
and Barclay (1987) found that electrical resistance of healthy tissue var- 
ied with both the depth of tissue probed and water status of stems. Also, 
Carter and Blanchard (1978) reported that phloem thickness is highly cor- 
related with SER (r = -0.921, and they demonstrated that the phloem, with 
its associated cork and vascular cambia, offered the least resistance to 
electric current in stem. Under other circumstances, however, this factor 
may be overshadowed by large moisture and temperature differentials, there- 
by complicating the interpretations of resulting SER measurements, 



Seasonal Pattern in SER 
Monthly measurements of SER on dominant trees from six plots with vary- 

ing site indices revealed a definite seasonal pattern (Fig. 1). The pat- 
tern was the same for all site indices. These seasonal changes in loblolly 
pine SER appeared associated with growth phenological events and seasonal 
changes in air temperature. For instance, the sharp decline in SER (Fig. 
1) during the 1st week of March coincided with the start of elongation of 
overwintering buds, The generally lotrest SER values were observed in May, 
June, July, and August, coinciding with the period of most active growth 
and -trmsPocationl Axial elongation rates of loblolly i n  this area peak in 
mid-April, first weeks of May, June, July, and August, corresponding with 
the first, second, third, and fourth flushes (Griffing 1969). Stem elec- 
trical resistance began to increase slowly in late September coinciding 
with leaf fall, and then a rapid increase in mid-November, coinciding with 
the first frost in this area which appeared to signal the onset of dorman- 
cy* SER then remained high duringw-t 

JULIAN DATE (a365 FALLS TO THE NEXT YEAR) 

ie dormant period (winter). These 
observations suggest that SER may 
be a good measure of the general 
metabolic activities of a tree at 
any given time. Likewise, it re- 
flects the overall water status of 
the tree, which is the medium of 
ion and other food transport. Such 
seasonal changes also suggest that 
tree vigor comparisons can only be 
valid if SEE measurements were tak- 
en during the same time frame. 

SIB and Environmental Variables 
SER was inversely related to 

e I. Nonthly stem electrical all the environmental variables ex- 
tmce (K oh) radings on lob- cept soil moisture, which was pos- 

lolly pine trees from stmds of itively correlated or uncorrelated 
iw site indices. with SER sf bottomland trees but 

negatively correlated with SER of 
upland trees (Table 5). Air temperature was the most highly and consis- 
tently correlated environmental variable with SER for both sites and crown 
classes. This may explain the high degree of seasonality of SER. The pos- 
itive correlation between SER and soil moisture of the bottomland site sug- 
gests that occasional flooding causes stress conditions in trees resulting 
in less cmbial and ionic activities, hence, higher SER values. Electrical 
resistance has been demonstrated to be a reliable indicator of stress in 
forest trees (Wargo and Skutt 1975). 

SIB and Vigor Rating 
SER can be utilized to classify trees in a stand in to either low or 

high vigor classes. Since SER was shown to be independent of site index, 
it is feasible to rate individual trees from different stands of comparable 
age provided times of sampling do not vary significantly. If the trees 
from the 28 stands were classified as either low or high vigor using the 
general SER mean of 22 K ohm as the dividing line, 96, 57, and 11 percent 
of the dominant, intermediate, and overtopped, respectively, would fall un- 
der the higher vigor category. This simply means that not all the overtop- 
ped trees are necessarily of low vigor, which further suggests that some 



Table 5 ,  "1Che relatiomhips (inrdicatd by correlation coefficient, r) bet 
stem electrid resistance of loblo l ly  pine sf different crown classes front 
two sites, a d  air tmprature, soil temprature, m d  soil moisturel 

Environmental Stem electrical resistmce 
fac tors Dominant Intermediate Overtopped 

Bottom Ridge Bottom Ridge Bottom Ridge 

Air temp. -0.67 -0.82 -0.95 -0.96 -0.97 -0.98 
Soil temp, -0193 -0.49 -0,88 -0.64 -0.83 -0.54 
Soil moisture +0=58 -0.54 t0.05 -0.10 +0.42 -0176 

overtopped trees are able to adjust to a limiting environment and to main- 
tain activities above compensation point. It should be interesting to com- 
pare how overtopped trees of high and low SER respond to release. 

The separation of trees in a stand as either low or high SER, using the 
average stand SER as the dividing line, has been suggested (Shortle et al., 
1979; Kostk and Sherald 1982) * The pmblem with this scheme is that it 
automatically classifies half of the trees as low vigor. To alPeviate this 
problem, a finer classification involving more classes may be developed. 
This could be readily done by dividing the range of SER values into the de- 
sired number of classes. Although measuring SER of individual trees for 
thinning is not practical on a commercial scale, this can have great util- 
ity in eliminating subjectivity when imposing experimental treatments. SER 
has been used as a @de to thinning sugar maples (Shortle et al., 1979). 

Conclusions 

1. SER is capable of separating low vigor from high vigor loblolly pine 
trees and is independent of site index. 

2. SER changes with season and is related to phenological events in loblol- 
ly pine and seasonal chmges in temperature. 

3. SER is inversely related to radial growth, air and soil temperature, 
and, to a certain extent, soil moisture.. 

4. SEX can be an effective, inexpensive, and simple method of rating indi- 
vidual tree vigor, 
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THE EFFECT O F  ACID RAIN AND OZONE EXPOSURE O N  
GROWTH PARAMETERS O F  SHORTLEAF PINE ' 

Victor B. Shelburne, John C. Reardon, and Valerie A. Paynter 

Abstract. Four open-pollinated families of shortleaf pine were 
grown in 24 open-top chambers in the South Cardina Piedmont. Meas- 
urements of total height and diameter were made every 6 weeks since 
exposure to three levels of acid rain (pH 3.3, 4.3, and 5.3) and 
four levels of ozone (charcoal filtered, ambient, 1.7 x ambient, 
and 2.5 x ambient). Aboveground biomass and leaf area measurements 
were made on seedlings that were thinned in fall 1988 and 1989. 
After 16 months exposure, trees exposed to pH 3.3 rain were signif- 
icantly taller and larger in diameter than those in lower acidity 
treatments; however, there were no significant differences in bio- 
mass components. Trees exposed to the highest ozone (0,) level 
(2.5 x ambient) were smaller in diameter, height, biomass compo- 
nents, and leaf area than the lower 0, exposures. However, the 
differences were only significant between the 1.7 and 2.5 x ambient 
exposures, indicating a compensatory effect near the 1.7 level and 
a negative threshold exposure effect between 1.7 and the 2.5 x amb- 
ient treatment. 

The productivity of southern 
pine forests is limited by a number 
of environmental factors. The roles 
of moisture (excess or deficit), ni- 
trogen (N), and phosphorus (P) in 
affecting pine growth are well docu- 
mented. Other environmental factors, 
e.g., acidic deposition and ozone 
( 0 ,  may also affect growth of 
southern pine species (Stone and 
Skelly 1974; Phillips et al., 1977). 
The magnitude and extent that these 
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factors may limit forest growth are 
presently unknown. 

Plant response to acidic depo- 
sition can result from either direct 
or indirect effects of acidic pre- 
cipitation. A direct effect that 
has implications for tree growth is 
leaching of nutrients from foliage. 
The rate of mineral leaching from 
foliage has been positively corre- 
lated with acidity of simulated ac- 
idic rain (Fairfax and Lep 1975, 
Wood and Bormann 1975). Foliar in- 
jury to pine seedlings exposed to 
simulated acidic rain in controlled 
studies has also been reported (Wood 
and Bormann 1977; Shafer et al., 
1985). 

Indirect effects of acidic depo- 
sition on tree growth might result 
from modification of rhizosphere 
chemistry and flora. Increased 



rates of N a d  sulfur (S) deposition from acidic rain may certainly af feet 
tree growth. Controlled studies with pine seedlings indicate that the pH 
of simulated rain can alter the number of mycorrhizal roots (Shafer  et al., 
1985>, 

Ozone has been present throughout the Southeastern U.S* for the past 20 
to 30 years at levels that have been shown to reduce growth of southern 
comercial tree species in laboratory experiments (Kress and Skelly 1982; 
Rress et al., 1982). Therefore, O must be suspected as a possible factor 
in reducing forest productivity below its potential. Ozone has also been 
identified as the most important atmospheric pollutant affecting agricul- 
ture because of its well-documented impact on crop species, e.g., peanuts, 
soybeans, tobacco, and cotton (Beck et aL,, 1984) at current ambient 
concentrations, and its ubiquitous occurrence across the Southeast. 

The intensive field investigations described herein were designed to be 
supportive of other research planned by the Southern Comercia1 Forest Re- 
search Cooperative. Extensive background information and rationale for 
this research are contained in Marx et al. (1985) * The following questions 
were specificany addressed in our intensive field studies: (1) what are 
the functional relationships between acid rain and aboveground growth par- 
ameters for open-pollinated shortleaf pine (Pinus ecbinata Mill,) families? 
and (2) what are the functional relationships between 0, dose and above- 
ground growth parmeters for open-pollinated shortleaf pine families? 

A range 06 acidic precipitation treatments was utilized in a factorial 
arrangement with 0, concentrations (Table 1). The approach involves the 
study of plant responses over a range of acidic precipitation and 0, con- 
centrations. Artificial acid rain treatments raged from near-"naturalw 
rainfall to acidity near the maximms recorded for this area. Carbon- 
filtered air chambers which result in low 0, concentrations were used as 
the 0, control treatments. 

Table I* rimmtal Forest acid rain/ 
ozone st* site* 

Factor Number 

Ozone treatments 
Acid precipitation treatments 
Replication 
Total chmber plots 



Seedlings from four shortleaf pine open-pollinated hilies were double 
transplanted into the chmber plots. Two of the families were from the 
Duke Forest while the other two were from the Clemson Experimental Forest. 
The seedlings were germinated in Spring 1987 and transplanted into the 
chambers in November 1987. The chambers were divided into quadrants with 
seedlings from two fmilies in opposite quadrants and the other two famil- 
ies in the other two quadrants. This yielded 48 seedlings per quadrant (2 
families x 12 replications x 2 for survivability). Seedlings were planted 
30.5-cm apart in an arrmgement that produced equal nwbers of each family 
at each thinnirng, Each faanily genotype received a color code and all fam- 
ilies in each chamber were plated in exactly the same plating scheme to 
reduce variation and errors due to family identification. As the seedlings 
grew, they were destructively smpled in the Fall to allow the residual 
seedlings optimum grwing space. At the beginning of the first exposure, 
the double planted seedlings were thinned to one seedling. The schedule 
then called for the removal of 16 of 24 seedlings per quadrant after the 
first year, four of eight after the second, and a final harvest of the re- 
maining four per quadrant at the end of the third year. The results re- 
ported herein reflect this second harvest. 

Three acidic precipitation treatments were applied in this study. The 
pH of the simulated rain treatments was 5.3 (control), 4.3, and 3.3. These 
pH levels were chosen to span the average pH of rainfall in South Carolina. 
Acidic solutions were prepared by adjusting the pH of deionized water con- 
taining selected background ions (Shafer et ale, 1985) with a 1-N mi+xture 
of sulfuric and nitric acids (70 meq SO,= :: 30 meq NO,-). Final ( H  ] of 
each solution was determined with a pH meter, 

Simulated min was applied through a stainless steel solid cone nozzle 
mounted on a bracket in the rain exclusion cover in each chamber. Each 
nozzle was operated at 10 psi pressure to minimize variability. Total vol- 
ume of deposition was based on the average rainfall occurring in the study 
area taken from a 30-year average rainfall record accumulated by the NOM 
Weather Substation at Clemson University (summary obtained from the Okla- 
homa Climatological Survey). Rainfall events occurred on a regular basis 
and depended on the weekly average for that time of year. Acid rain depo- 
sition was administered year-round, paying careful attention to local win- 
ter weather conditions to preclude damage to seedlings and distribution 
hardware due to freezing temperatures. 

The most thoroughly tested and widely accepted exposure facility for 
testing 0, effects on plants under field conditions is the open-top chamber 
(Mandl et al., 1973; NeagLe et al., 1979; U.S. EPk 1987a; 1987b). These 
chambers are cylinders constructed with aluminum frames covered with clear 
plastic film. The chambers in this experiment were 4.6 m in diameter and 
4.6-m tall with frusta at the top so the top orifice was reduced to 3.1 m 
in diameter. Some chambers were nonfiltered (particulate filter only) per- 
mitting the use of ambient 0, as a baseline for developing additional dos- 
es* DiEferent doses were obtained by either adding 8 at various concen- 
trations to the ambient 0, load or by filtration to reduce the ambient 0,. 

Ozone was dispensed ts chambers following the basic techniques utilized 
in the NCLAN program (Beagle et al., 1979). Griffin 0, generators were 
used to generate 0, for treatments receiving above ambient concentrations 



of 0,. Ozone was dispensed through needle valves to allow control over t k ~ ~  
quantity dispensed. Delivery of O to the chambers was through Teflon 
tubing that runs from the site builaing to the fan box, where it was drawn 
into the air stream entering the chmber. Ozone was added to 12 chmbers 
resulting in the following 0, treatments: 

(1) charcoal-filtered ambient air (GF, as control); 
(2) ambient (nonfiltered) air; 
(3) 1.7 times ambient; and 
(4) 2.5 times ambient. 

Ozone was added daily on a proportional basis to ambient 0 for 12 hr 
per day, from March 1st to October 31st, and 9 hr  per day from dovember 1st 
to February 28. Ozone production was turned on by computer control whenev- 
er the mbient 0 was at or above 15 ppb. The control system had a built- 
in cutoff when the ambient 0, concentration reached 150 ppb to insure that 
no enhanced concentrations exceeded 375 ppb, Ozone treatments were admin- 
istered year-round. The proportional addition to ambient during the day 
(above 15 ppb) assured 0, additions only under environmental conditions 
most conducive to elevated ambient 0,. 

At the end of the 1989 growing season (October), individual trees were 
cut at ground level and removed for component sampling. Root collar di- 
ameter and total height were measured and separate determinations were made 
of dry weight of the foliage, mainstem and lateral branches. Tree height 
was measured using a metric scaled ruler. Measurements were made from the 
soil surface to the terminal bud of the main shoot. 

Trees were removed one at a time and immediately weighed to determine 
green weight using an electronic balance. The tree was then separated into 
component parts which were weighed green. A sample of each component was 
then weighed and percent moisture was determined by drying the sample for 
72 hr at 70% This percent moisture was then used to determine dry weight 
of the originally measured green weight component. 

The leaf area of each harvested tree was determined by randomly samp- 
ling six complete fascicles from each tree and combining them by chamber 
and family for a total of 24 fascicles. This material was measured by vol- 
ume displacement and the surface area calculated by the method described in 
Johnson (1984) m d  modified by Shelbume (1988). Specific leaf area (cm2/ 
gm dry weight) was determined by drying the needles in the above sample at 
70% for 48 hr. The surface area determined above was divided by this dry 
weight value m d  the dry neight biomass of each individual tree was rnulti- 
plied by this family specific leaf area value to determine each tree's to- 
tal leaf area. 

Analysis of variance was used on the various parameters to determine 
the effect of acid rain and O3 treatment. In the case of height and di- 
ameter xhere initial height m d  diameter of each tree was known, analysis 
of eovarianee was done using these initial values as the covariates. 



Results 

The effect of acid rain treatment on total height and diameter after 16 
months exposure showed no significant difference between treatments al- 
though the trend indicated that trees exposed to more acidic conditions 
were taller than those exposed to rain of lower acidity. This trend was 
significant, however, when analysis of covariance was done on incremental 
height and diameter (Table 2). In this analysis, trees exposed to the 
highest level of acidity (pH 3.3) had significantly greater height and di- 
ameter increment (p< 0.05) as compared to those at the lowest level of ex- 
posure (pH 5.3). 

Table 2- Effect of acid rain on iner 
growth after 16 months 

Height increment Diameter increment 

Least square means 
pH 3.3 105.4a1 23.7a 
pH 4.3 96. Zab 22.3ab 
pH 5.3 91.0 b 20.9 b 

Least square means (within columns) followed by same letter are not 
significantly different at the 0.05 level (t-test). 

* Initial height and diameter used as covariate, respectively. 

The effect of O3 exposure after 15 months on both total height and di- 
ameter along with Incremental growth showed no significant effect (Table 
3). However, it should be noted that there was a trend of reduced height 
and diameter at the highest level of ozone exposure as compared with the 
three other levels of exposure. 

Biomass data reflected the same trends as the above data when acid rain 
exposures were analyzed (Table 4). In general, the component biomass por- 
tions (leaf, lateral stems, and mainstem) and the total aboveground biomass 
showed no significant difference due to the effect of acid rain; however, 
the trend showed an increasing amount of biomass for the whole tree due to 
higher levels of acidity (pH 4.3 and 3.3) as compared with the lowest level 
(pH 5.3). 

Ozone exposure effects on biomass did, however, show a significant ef- 
fect in that the highest level of 0, exposure produced trees which had sig- 
nificantly less biomass in all components as compared to trees at the next 
highest level of exposure (Table 5). It should be noted, however, that the 
significant difference existed only between these two highest exposures. 
The increasing trend towards greater biomass at the 1.7 x ambient level of 
exposure and the large relative decrease in biomass at the highest level 
(2.5 x ambient) is responsible for this significant difference. 



Table 3. Effect of ozone on incremental heighte and diameter growth* 
after 15 mnths sure. 

Height increment Diameter increment 

Ozone level Least square means 

Charcoal-filtered 96.7a1 
Ambient 97.2a 
1.7 x ambient 105.5a 
2.5 x mbient 90 9a 

Least square means (within columns) followed by same letter are not 
significantly different at the 0.05 level (t-test). 

* Initial height and diameter used as covariate, respectively. 

Table 4. Effect of acid rain on above&round and component bio 
after 16 Months. 

Biomass 

PH Tree Leaf Laterals Main stem 

-------------------- (g dry weight) ---------------.----- 

Means (within columns) followed by same letter are not significantly 
different at the 0.05 level (Tukeyfs test). 

The'effect of acid rain treatment on leaf parameters (specific leaf ar- 
ea, individual leaf area, total tree leaf area, and needle length) was not 
significant (Table 6). Likewise, the effect of O exposure was not signif- 
icant on specific leaf area and individual lea8 area. However, it was 
significant on total tree leaf area between the two highest levels of 0, 
exposure with the highest exposure having significantly lower area (Table 
7). This result might be expected since the biomass values of the leaves 
from the previous analysis were multiplied by their respective specific 
leaf area values to derive the total tree leaf area value. 



M l e  5. Effe ne on above&round tree mil compnent bio 
ter 15 -nth . 

Biomass 

Ozone level Tree Leaf Laterals Main stem 

---------------- ( g  dry weight) ------------------ 

Charcoal filtered 319.8ab1 168.2ab 43.5ab 108.2ab 
hbien t 277.6ab 151.0ab 39. gab 86.7ab 
1.7 x mbient 357. la 186.423 49.3a 121.4a 
2,s x ambient 221.8 b 118.3 b 29.6 b 74.0 b 

qeans (within columns) followed by same letter are not significantly 
different at the .05 level (Tukey's test). 

Table 6. Effect of acid rain on leaf p m e t e r s  (16 montb supre). 

Specific leaf Leaf area Total tree Needle 
PH area leaf area length 

Means (within col s) followed by same letter are not significmt at 
the 0.05 level (Tukey's test). 

Discussion 

The increased height and diameter grovth in those trees exposed to 
higher levels of acidity are probably due to the increased mount of N made 
available through the treatment and a masking of any measurable deleterious 
effect of the high acidity. The increased level of this nutrient on sites 
which are generally deficient leads to a fertlizer effect which essentially 
promotes greater growth. Therefore, at this point in the study, there were 
no obvious negative effects due to the increased acidity of the applied 
rain. However, the short-term nature of this study precludes any generali- 
zation about the possible long-term effects on soil chemistry which might 
alter tree nutrition. 

With respect to Oi, the negative effects of the highest level of expos- 
ure were certainly ev~dent. However, except for needle length, there were 



Table 7. Effect of ozone on leaf ters (15 =nth sure). 

Ozone 
level 

Specific leaf Leaf area Total tree Needle 
area leaf area length 

Charcoal filtered P71.7a1 7.3a 2.9ab 99.7a 
Ambient 171.9a 6.9a 2.6ab 96. lab 
1.7 x ambient 171, la 7.3a 3.2a 98.5ab 
2.5 x ambient 165.5a 6.9a 2.0 b 92.1 b 

Means (within columns) followed by same letter are not significam at 
the 0.05 level (Tukeyts test). 

no significant differences between the charcoal-filtered or ambient treat- 
ment and the highest O*, treatment. Although the overall trend indicated 
less growth response wlth increasing levels of ozone, this trend was con- 
founded by the increase in growth at the 1.7 x ambient treatment* As noted 
above, the significant differences noted in biomass and total tree leaf 
area were only noted between this level of treatment and the highest level 
(2.5 x ambient) which exhibited a great reduction in all these parameters. 
The significance of the compensatory growth at this intermediate level of 
0, exposure can not be fully explained at this time. Other studies in the 
Southern Commercial Forest Reseach Cooperative have noted this effect in 
other southern pine species. Tingey and Taylor (1982) have hypothesized 
that this may be the activation of a direct or indirect compensatory meeh- 
anism in response to the stress. Likewise, there may be reallocation of 
carbon within the plant to the aboveground portions in order to compensate 
for the premature senescence of needles which is a common O3 effect seen in 
this study. A concurrent analysis of the carbohydrate status of the trees 
over time which is being done in this study along with a companion study on 
root/shoot ratios of potted trees which were placed in the chambers should 
provide information regarding carbon allocation patterns. 
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BELOWGROUND CHANGES fN LOBLOLLY PINE 
AS INDICATORS OF OZONE STRESS " 

Patricia Faulher, Michele M, Schoeneberger and M c e  W e  Kress 

Abstract. Ozone (0,) is considered a contributing factor in the 
decline of forests in the U.S. Carbon allscation is altered in 
plants exposed to 0, with aboveground portions usually retaining a 
greater share of assimilates than the root system* Therefore, mon- 
itoring root structure and function may provide early indicators of 
pollutant stress. The challenges lie in overcoming current meth- 
odological constraints on accurately measuring these parameters. 
Seedlings planted in open-top chambers were exposed to three 0, 
treatments [charcoal filtered (CF), and 1.5 x ,  m d  3.0 x ambient 
air) for two growing seasons (1987, 1988)* Taproot cores were ex- 
tracted at the end of the 1987 season, and whole root systems were 
excavated during the final harvest in December 1988, Compared with 
the CF treatment, there was little chmge in root biomass in the 
1.5 x mbient air exposure, but significmt biomass reduction in 
the 3.0 x ambient treatment. Total available carbohydrates sf the 
carbon-demanding fine roots were dramatically reduced at the high- 
est 0, dosage, primarily due to starch losses. In contrast, per- 
cent nitrogen was significantly increased. No detectable differ- 
ences were found among the three O3 treatments for ectomycorrhizal 
counts or rhizosphere soil analyses. 

Introduction 

Ozone (0 ) a photochemical 
oxidant, is considered a contrib- 
uting factor in the decline of 
forests in the United States 
(Johnson and Siccama 1983, MAPAP 
Report 1990). Ozone injury is often 
difficult to detect at chronic am- 
bient levels for plants exposed un- 
der experimental conditions (Mooney 
and Winner 1988). Mo visible symp- 
toms may be present, especially at 
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the early stages sf exposure. A 
study of physiological processes 
within the trees seems to provide 
the key to understanding initial 
plant responses to 0, stress. Car- 
bon allocation is altered in plants 
exposed to 0, (Cooley and Manning 
1987, Mooney and Winner 1988). A 
greater reduction in belowground 
biomass compared with aboveground 
biomass was reported for 16 of 20 
plant species exposed to 0, (Cooley 

ing 1987 review article). 
Interpretation using only above- 
ground biomass in two of these stud- 
ies would have lead to the erroneous 
conclusion that 0, had no effect or 
perhaps even a beneficial effect on 
the plants, despite the significant 
suppressions that occurred below- 
ground (e.g.,-40 and -32 percent for 
parsley and carrot, respectively), 



Impacts of 0, on carbon allocations allocation are important in deter- 
mining plant quantity (i.e., biomass) and plant quality (i.e., the tree's 
energy reserves in the form sf available carbohydrates). Suppression of 
available carbohgrdrates in the belowground component may reduce mycorrhizal 
infection (Marx et al. 19771, nutrient availability (Jayachandran et al, 
19891, disease resistance (Matson astd Waring 19841, and longevity of fine 
roots (Marshall and Waring 19851, thus lowering nutrient and water uptake 
and resistace to secondary stresses. Given the importance of the root 
system in determining a treevs performance and survival over its lifetime, 
it is impsrtmt to have an undeustmding of how both belowground and above- 
ground components react to pollutant exposure. Unfortunately, root meas- 
ures are laborious a d  expensive, Root harvesting impacts to the above- 
ground portions of the tree wst be minimized to preserve the integrity of 
the experiment. However, this n compromise the quality of root measures. 
The challenge lies in overcoming these constraints on obtaining meaningful 
root measurements. 

A field trial was established to test experimental methodologies and 
protocols for use in Southern Commercial Forest Research Cooperative 
(SCmC) field studies. The study provided the opportunity to examine root 
harvesting techiques m d  the usefulness of these data to describe 0, in- 
jury to loblolly pine (Pinus -- taeda L.) .  The main objectives of this 6aper 
were to determine the effects of 0, on belowground biomass and biochemis- 
try, and to determine the usefulneis of subsampling versus whole plot root 
harvesting for obtaining memingful root measures. 

ktbods 
Study Site m d  Treatments 

The study site was located in hrhm, North Carolina, on a portion of 
the Duke Experimental Forest* The soil was a moderately well-drained Hel- 
ena series (clayey, mixed, thermic, Aquic Hapludult), with an underlying B, 
or restrictive clay layer at 30.5 em. This clay layer restricted rooting 
depth. The presence of this layer, along with fall precipitation prior to 
root sampline;, resulted in saturation $Q the soil surface. Implications of 
these soil factors will be discussed with the data results. 

Seedlings from three open-pollinated loblolly pine families (8-80, 
8-103 a d  8-130) were selected to represent a range of ozone sensitivity 
based on seedling trials (Weir 1977). Twelve-week-old containerized seed- 
lings from the selected families wpre planted on previously cleared and ro- 
totilled circular plots in June 1986. In March 1989, 3-m diameter open-top 
chambers were csnstrueted over the plmted plots. Ozone and acid rain 
treatments were assiped in a factorial arrangement on two blocks of six- 
teen plots each. For the purpose of this inquiry, only results from three 
0, treatments are presented (12 chambered plots, 2 replications/O -acid 
rain treatment), those being: 1.5 x and 3.0 x ambient air 0, leveis and 
charcoal fib tered (CF) representing cleaned air with a background of ap- 
proximately 25 ppb 0,. The seedlings were exposed for two growing seasons 
(1987 and 2988). Details sf exposure procedures are found in Kress et ale 
(1989) 



Stu* Measurements: 1987 Harvest 
At the end of the first exposure season (March-December), seedlings in 

the selected chawbers were thiked and shoots retained for biomass measures 
on stem, branch, and foliage components, Root cores from three seedlings/ 
plot for each chamber were collected using a 10.2-cm diameter corer placed 
over the severed mainstems of the harvested trees. Soil cores, collected 
from extra plots m d  not used in this study, vere placed back in the treat- 
ment plot holes to mininize damage incurred from subsampling, The sample 
cores were coarsely washed with tap water using a hose and spray nozzle. 
The root sample collected (taproot and attached laterals) vas cleaned using 
deionized water and paint brushes. A subsample of laterals less than 2 rnm 
in diameter (approximately 1-2 g dry weight) was collected and analyzed for 
available carbohydrate analysis (Schoeneberger et al,, 1990). The remain- 
ing taproot portion and associated laterals were oven-dried t o  70°C and 
weighed. 

1988 Harvest 
At the end of the second exposure season (March-November), a complete 

aboveground harvest was done for biomass measures. The removal of all top 
portions provided the opportunity for a complete root system excavation. 
To facilitate the root collection, chambers were disassembled. A hole was 
dug along the periphery of each plot, improving access to the soil within 
the plot. Soil and roots were loosened with a spading fork and root stumps 
with attached laterals were carefully removed, labelled a d  composited by 
family and past. The remainirng root pieces were collected by sieving the 
soil within each plot (3-m diameter by 25.4 cm deep) through a f2*7-mm mesh 
screen. These roots were then composited by plot only as fmily distinc- 
tions could not be made. Soil attached to lateral roots on the root stumps 
was removed using paint brushes. These soil samples, designated as rhizb- 
sphere soils, were analyzed for nutrients and enzyme actGities by North 
Carolina State A&T University (Greensboro). Subsamples of fine roots (< 
2mm diameter) were collected for ectomycorrhizal exmination (i.e., 10 
laterals each approximately 5-cm long) m d  available carbohydrate analyses. 
The remaining root portions were oven-dried to 70'6, separated into one of 
three size classes (<2m, 2-5 rn and > 5mm dimeter) and weighed. Biomass 
is expressed on an ask-free dry weight basis. 

Root material that could be identified on a familylplot basis was 
ground and analyzed for nutrient content at North Carolina State University 
(Raleigh). Carbohydrate malyses were performed at the USM-Forest Service 
Laboratory (Research Triangle Park) utilizing a method modified for loblol- 
ly pine material (Schoeneberger et axg 1990). Ectowcorrhizal assessments 
were made on short root sections with the aid of a dissecting scope* Root 
tips were categorized by morpbotype md expressed on a per-length basis 
(Grand and Harvey 1982)- All data were examined for homogeneity af vari- 
ance, transformed where necessary, m d  analyzed using the PC Statistical 
Analysis System procedure of General Linear Model (GLM) (SAS Institute 
1985) 



Results And Discussion 
Biomass 

Results from the 1987 subsampled root cores indicate that the 3.0 x am- 
bient treatment significantly reduced root growth (p > 0.10) as compared 
with the CF treatment, while the 1.5 x ambient exposure had no effect (Ta- 
b l e  1). This subsample, representing only those roots in immediate proxim- 
ity to the main stem, was comprised primarily of the taproot and may not 
have adequately represented the impact to the laterals and fine roots. 
This technique does allow a mid-experiment measure of the belowground 
structures, but the restricted smpling of smaller roots limits the con- 
clusions concerning 0, impacts on root systems. Given the high carbon 
demmd of the fine root biomass (Reid et al., 1983; Waring and Schlesinger 
1985; Gairney et al., 1989), it can be hypothesized that this pool would be 
affected to a greater extent than the taproot. Sampling for this pool 
could have been done by collecting between stem samples. This approach 
would have limited the ability to detect family differences, and also adds 
the problem of greater disturbance to the remaining seedlings. 

Tintpjte 1, Bpct  of ozone on above- and klowground biomass (g )  of lob- 
9~1By pine seedlings (1987 n = 54; 1988 n = 14). 

Ozone exposure 
1.5 x ambient 3.0 x ambient 

1987 Karvesti 
T o t a l  roots2 
To ta l  aboveground2 

--- (percent charcoal-filtered) --- 

-_----_-----_-_-_------------------------------------------------------ 
2988 Harvest1 
Total roots2 +9 -48 
Root diameter class: 

< 2 m~ -8 -46 
2-5 mm -8 -38 
> 5 m  +17 -51 

__-_______--_--_------------------------------------------------------- 
Total aboveground2 +21 -47 
Aboveground component: 
Foliage -1-18 -55 
Stem +19 -45 
Branches i-31 -32 

"%he 1987 root harvest by coring; the 1988 root harvest by whole-plot 
excavation. 

Values calculated from means without separations by diameter class or 
csmponents. 



Total recovered root estimations were possible with the 1988 whole 
chamber excavations due to restriction of the rooting zone. The B, clay 
layer at 25-30 cm and plot preparation (rototilling) both contributed to 
rooting zone restriction. By excavating the hole plot, 1988 results for 
total recovered root biomss also indicated that the 3.0 x ambient treat- 
ment significantly reduced (p > 0.05) root biomass compared with the CF 
treatment. A similar change was observed in total aboveground biomass 
(Table 1). Data for the 1.5 x ambient treatment suggest 0, had a favorab- 
le, though nonsignificant, effect on the total recovered root biomass ref- 
ative to the CF treatment. This trend was similar to that observed for the 
aboveground biomass* H a r v e s t i ~  by family and size class indicates that 
this apparent increase in root biomass at the 1.5 x level was in the > 5 rnm 
size class, an increase which most likely occurred within the structural 
stump portion of the root. This increase was evident for only one of the 
three families (8-80) (Fig. A. ). The smaller roots (< 5 m) were actually 
reduced at the 1.5 x ambient treatment (Table 1). This trend is in keeping 
with the carbon-demand concept discussed earlier. There was an apparent 
shift of carbon allocation priorities to the aboveground portions when the 
seedlings were exposed to the 1.5 x ambient treatment, Then at some level 
of 0, exposure between 1.5 x and 3.0 x the physiological impact became so 
great that both the root and shoot growth are reduced. 

Available Carbohydrates 
Available carbohydrate data 

450 were expressed on both a concentra- 
tion (mg/g) and content (g/total 

A 
plant component) basis for the 1988 

a 

ii """ harvest. Carbohydrates were analy- 
zed only for foliage and root sam- 

9 
w ples as these two components repre- 
3: 250 sent the "activet~ortions of a * &: tree's functions (i.e., photosyn- 
a thesis and water/nutrient uptake). 

I 50 Carbohydrate contents for tissue 
collected in 1987 could not be cal- 
culated because only a subsample 

50 was taken that year. 

OZONE EXPOSURE X AMBIENT AIR On a concentration basis, fine 
root available carbohydrates exhib- 
ited similar patterns in both 1987 
and 1988. Total available carbo- 
hydrates (TAG) in the 3.0 x ambient 

st. treatment were significantly lower 
than the CF treatment, particularly 

for starch (1987: p < 0.1; 1988: p < 0.05) (Table 2). The 1988 foliage 
available carbohydrates in the 3.0 x mbient treatment were even lower in 
starches than the CF treatment while the 1-5 x ambient treatment actualLy 
resulted in an increase in this component. 

When the  1988 data were examined on a content basis, fine root avail- 
able carbohydrate reductions occurred for all parameters (Table 3). The 
reductions averaged 10 percent of the CF treatment at the 1.5 x ambient 



Table 2. h p c t  of ozone on available carbhydrate concentration of 
loblolly pine fine roots and foliage (1987 n = 54; 1988 n =12). 

Parme ter 
Ozone exposure 

1.5 x ambient 3.0 x ambient 

1987 Harvest 
Fine roots (< 2 m) 
TAC 
Total soluble sugars 
Starch 

--- (percent charcoal-filtered) --- 

----- - - - -- 

1988 Harvest 
Fine roots (< 2 m) 

TAC 
Total soluble sugars 
Starch 

Foliage 
TAC 
Total soluble sugars 
Starch 

Total available carbohydrates (starch + soluble sugars). 

Table 3. Irmpact of ozone on available carbohydrate concentration of 
loblolly pine fine roots and foliage for 1988 (n = 12). 

Parameter 
Ozone exposure 

1.5 x ambient 3.0 x ambient 

Fine roots (< 2 m) 
TAC 
Total soluble sugars 
Starch 

-- (percent charcoal-filtered) -- 

----------------------------------------------------------------------- 
Foliage 
T AC +19 -64 
Total soluble sugars +14 -60 
Starch +41 -85 

V~otal available carbohydrates (starch + soluble sugars). 



treatment and 43 percent at the 3.0 x ambient treatment. Examining both 
above and belowground data, the available carbohydrate pools were signif - 
icantly suppressed in both components at the highest 0, level (3.0 x), 
while at the lower 0, level (1.5 x) the available carbohydrates were main- 
tained in the aboveground portions (+41 percent for starch) to the detri- 
ment of the belowground (-10 percent for starch). This trend, as that 
observed in the biomass, is in keeping with the working hypothesis of 0, 
stress on plants, 

Nutrients 
Foliar and total root nitrogen (N) and phosphorus (P) were analyzed for 

samples collected in 1988 only (Table 4). Based on concentration, root N 
and P were significantly greater than CF in the 3.0 x ambient treatment at 
p < 0.05 and p < 0.01, respectively. Although differences based on content 
were not statistically significant, root N and P declined with increasing 
0 . Significantly higher N concentrations and lower N and P contents were 
o&served in foliage following exposure to 3.0 x ambient 0,. These in- 
creases in nutrient concentrations at the highest 0, treatment are probably 
the result of lowered carbohydrates and decreased tissue production. The 
data for the 1.5 x ambient treatment, however, indicate that 0, may be al- 
tering more than just growth. While root N and P content were unchanged by 
this 0, level, both foliar N and P content were increased suggesting that 
nutrient allocation was also being altered. This phenomenon can not be 
confirmed until a whole-plant nutrient budget is calculated. 

Table 4. Upact of ozone on nitrogen and phospho concentration 
(percent) and content (g) of loblolly pine roots and foliage for 1988 
(n = 13-12)- 

Parameter 
Ozone exposure 

1.5 x amb 3.0 x amb 1.5 x amb 3.0 x amb 

---------- (percent charcoal-filtered) ---------- 

Concentration 
Roots 

Ni t rogen 4-4 +22 
Phosphorus +1 +23 

Content 

Foliage 
Ni t rogen +4 +26 +19 -42 
Phosphorus +1 +I0 +I6 -49 

Ectomycorrhizae And Rhizosphere Chemistry - 
No significant differences due to 0, treatment in total numbers or 

types of mycorrhizal tips were detected. ' Mean numbers of total tips were 



7.73, 9.49, and 8.16 per 100 cm long root for CF, 1.5 x and 3.0 x treat- 
ments, respectively, with p < 0*3.  This result is in contrast to the find- 
ings in. a number of studies that showed a simificmt impact of pollutant 
on the ectomycorrhizal component (Heyer et al., 1988; Stroo et al., 1988; 
Meier et al., 1990). The lack of ectomycorrhizal response to 0, in this 
study was probably attributable to  soil crmditions, smpling method and 
timing. The saturated soil conditions, as well as, the seasonal timing of 
the harvest were not conducive to mycorrhizal initiation or persistence. 
In addition, the necessity for rapid root extraction (to maintain the in- 
tegrity of the carbohydrate smples) may have resulted in the loss of root 
tips. These factors, along with the constraint of limited replication, 
possibly hindered detection of m y  treatment differences. 

Analyses of the rhizasphere soil for chemical status, enzyme activity 
and microbial nmbers also yielded little in the m y  of usable information 
(Reddy et al., 1990). Soil organic matter, activities of enzymes and mic- 
robial numbers were all greater in the rhizosphere soils as compared to the 
bulk soil, but there were no statistically significant differences among 
the three 0, treatments examined in this study. As with the mycorrhizal 
data, the saturated soil conditions prior to harvesting may have masked any 
effects of the 0, treatments. 

Research Implications 
Ambient 0, levels currently occur at levels far below that of the 3.0 x 

ambient treathent used in this- study. As pointed out by Treshow and Ander- 
son (1989), and supported by results o f  this study, the impact of 0, at 
these high levels results in greatly suppressed biomass accumulation with 
little obvious effect on assimilate partitioning. At more realistic 0, 
concentrations, such as the 1,s x mbient treatment, the growth reductions 
aboveground are not readily evident, though decreased assimilate partition- 
ing ta the belowground is. Examination of root parameters with regards to 
bionass, available carbohydrates, and nutrient status, suggest that there 
cw. be important, though not readily visible effects of low levels of 0, 
(i.el, between 1.5 to 3.0 x mbient) on loblolly pine seedling performance. 
Data at the more biologically relevant 1.3 x mbient treatment were gener- 
ally not significantly different from the charcoal-filtered treatment. 
However, the trends indicated assimilate partitioning was favored in the 
aboveground portion over that of the be1ow;ground. Further work should be 
concentrated on understanding tree response at these intermediate levels. 
The inconclusive results at the 1.5 x level of 0, in this study and the 
lack of mycorrhizal or rhizosphere chemistry responses also point toward 
the inefficiencies of the current root harvesting techniques and schedules. 
If only one ""snapshot" in time picture of the belowgrowld can be obtained, 
there should be an optimization of the timing of both belowground and 
aboveground data collection* For this study,  a harvest in June after 
spring root growth and first flush expansion, may have been a more approp- 
riate time to assess 0, impacts. In contrasting subsampling and whole plot 
root excavation, the impsrtmce of capturing as completely as possible the 
root systems being sampled becomes evident, When examining total root bio- 
mass for the 1988 harvest, data indicated an increase a t t h e  b ,!5 x ambient 
level. However, when the root data were braken d o n  by sizeclass m d  fam- 
ily, it was evident that this increase was merely due to taproot growth in 
family 8-80, and that biomass of the functionally important fine roots had 



actually decreased. This impact of O2 on fine roots a t  the 1.5 x ambient 
exposure would not have been evident x f  only taproot cores or total roots 
had been exmined* As the resolution of the parmeter components increases 
(i,e., total roots to root sizeclasses to f m i l y  differences within size 
classes), the understmding of ozone impacts increases. 
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SITE: IMPACTS ASSOCBATED WITH THREE TIMBER HARVESTING SYSTEMS 
OPERATING ON WET PINE FMTS-- PRELIMINARY RESULTS 

W. Michael Aust, Thomas WI Reisiwer, Jmes A *  Burger, m d  Bryce Je Stokes 

Abstract. Site impacts associated with a conven"Tonsal rubber- 
tired skidder, a high-f%ot;ption-tired %kidder, a d  a helicopter 
logging operation were evaluated on wetEmd sites within the 
Frdncis Marion National Forest in coastal South b r o l i n a .  Pre- 
a d  post-hasvest measurements o f  soil ghysfeal prsperties indicated 
similarities mong all harvest operations, although the relative 
degree sf disturbmce di f fe red  mong systems. Overall, each wet 
site harvest operation tended to increase soil bulk density a d  
soil mechmical resis tance; decrease to taL porosity , mieroporosi ty , 
mcroporosi ty , and saturated hydraulic condue t i v i  ty  ; a d  increase 
water l e v d x .  Tkus, these harvesting operations tended to reduce 
aeration and drainage on these wet sites* 

Wet pine flats comprise an ex- 
tensive m d  productive wetlmd for- 
est site type in the Southeastern 
United States. The proximity of the 
water tables to the soil: surface ps- 
ses a dilema fo r  harvesting opera- 
tions* Harvesting operations on 
these sites can alter wetlad %me- 
tians, reduce site productivity, a d  
m;ly fail to meet state forestrgr best 
management practices, particularw 
if harvests are conducted during wet 
soil conditions* Nulllerous types of 
equipment mixes have been used to 
harvest these wet pine flats, inclu- 
ding rubber-tired and tracked skid- 
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ders, cable systems, helicopter sys- 
tems, and even horse m d  mule 
logging 

The aftermath o f  Herrricme Ru- 
gats devastating sweep through eoas- 
tal South Carolina mobilized m en- 
ormous salvage effort ts recover a 
portion of the blow-don timber. A 
great diversity of harvestilng sys- 
tems, both comon m d  wique, were 
employed in the salvqe* The abun- 
d a c e  m d  proximity of harvest op- 
erations offered an opportmity for  
the exmination of soil-site impacts 
associated with the various systems. 
Three o f  the  more cornon salvage 
harvest systems were studied: (1) 
conventional-width rubber- t ired 
skidder; (2) wide-width rubber-hired 
skidder; and ( 3 )  helicopter, 

The objectives of this research 
project vere: (I) to  q u m t i f y  so i l  
and site disturbmces resulting from 
selected harvesting systems operat- 
ing on poorly drained, pine flat 
wetland sites on the Frmcis Marion 
National Forest; a d  (2) to doewerat 
and describe each study site prior 



to and afte~ harvesting for detailed comparison of soil and site impacts 
resultirig from harvestiw. 

Most forest mmagers are aware that harvest mchinery traf f ic has the 
potential to rduce site quality if harvest operations are poorly pl 
or implemented* Yet the degree and extent of site d 
harvest operations are poorly docmented (Gseacen and Smds 1980; Burger 
1983; M&ee et al., 1985). Gent et all (2983, 1984) evaluated the effects 
of intensive forest agement on the physical properties of Coastal Plain 
and Piedmont forest soils* In each region, harvesting operations were 
fomd to si~ificantly compact soils, and in the Lower Coastal Plain, har- 
vesting also decreased soil drainage and aeration. W i r n m e  (1987) examined 
compaction of a Coastal Plain site as influenced by soil moisture and con- 
cluded that dry soils are relatively imune to compaction by skidder traf- 
fic, while moist soils are subject to compaction and wet soils are subject 
to puddling. 

Soil compaction and puddling reduce soil aeration, drainage, a d  pene- 
trability, all sf which have the potential to degrade site quality (Burger 
1983; Reisinger et al. 1988). The actual degree of disturbwce associated 
wi tk harvest operations on wet sites can best be evaluated by asl exmina- 
tfon of soil phgrsical properties such as soil bulk density, soil mechanical 
resistance, soil porosity, hydraulic conductivity, and soil water levels. 

Soi l  bulk density is the mass (oven-dried) of the total soil volme 
volune includes both solids and pores (Danielson a d  gutherland 

1986). Bulk density is commonly used as an indication of soil compaction. 
Heavy harvesting machine traffic may compact a soil, resulting in higher 
bulk density values which may result in increased soil strength and de- 
creased pare space and drainage (Greacen a d  Smds 1980; Gent et al. , 1983, 
1984; McKee et al., 1985)s 

Soil mechmical resistance estiwtes shear resistance, or strength, of 
a soil (Bradford 1986). Nwerous studies have indicated that soil mechan- 
ical resistwee values greater than 2000-2200 W a  restrict root growth 
(Burger et ax,, 1988). Cone penetrometers provide a rapid and accepted 
method for comparing relative strengths of soils under simfiar soil mois- 
ture and soil structure conditions (Some et al., 1981; O f  Sullivm et ale, 
1987). 

Qdraulic conductivity is a measure of soil watenr movement to plant 
roots and drainage of water from a soil profile (Aust 1989; Klute and Dirk- 
sen 1986)* Coote and sey (1983) and CulPey et ax. (2982) concluded that 
hydraulic conductivity is one of the better indicators of the long-term ef- 
fects of site disturbance upon soil physical properties and p l a t  growth. 
Aust (1989) fowd that growlid skidding and helicopter logging rnethods re- 
sulted in different rates of hydraulic conductivity, which in turn altered 
other soil physical and chemical properties. Wime (1987) evaluated the 
impact of wet versus dry skidding conditions upon kydraulie conductivity 
and found reduced rates of soil water movement resulted within, the wetter, 
compacted area. 



Soil porosity Is the portion of the soil volume occupied by air and 
water (hielson a d  Sutherlmd 1986). It is largely determined by the 
arrwernent of solid particles and can be negatively impacted by soil 
compaction (Greacen and S a d 9  1980). Total porosity is cornonly srabdivided 
into micropores (capillary) and macropores (non-capillary). Macropores 
allow relatively rapid movement of water and air into and Ersm the soil 
profile, while micropores retain water and allow little air movement (Dan- 
ielson and Sutherland 1986)a Several harvesting and site impact studies 
have indicated that soil compaction may not alter total porosity; rather, 
the ratio of micropores and macropores is altered so that micropores are 
favored. This alteration decreases water movement and aeration which may 
reduce plat growth (Burger et al., 1988). 

Ele&ds And Ti"rwdwe9 

Three types of lo@;ging operations were evaluated: a Frdin 105 skidder 
equipped with 71-cm- (28-inch-) wide tires was used in one operation, while 
a Franklin 205 skidder equipped with 173-cm- (68-insh-) wide tj%es was used 
in another. The helicopter operation was served by a Chinook helicopter, 
and the logging deck was trafficked by a variety of equipment, including a 
skidder, a front-e?nd loader, a d  several tractor-trailer combinations. 
Harvest impacts within the actual helicopter harvest area were negligible; 
therefore, only the helicopter deck was evaluated. 

Essentially, this research project was composed of three separate "case 
studies" d e s i e e d  to document soil-site impacts associated with each har- 
vesting system. The three sites were similar in all respects and were 
harvested under similar soil moisture conditions. The two sites logged 
with skidders consisted of sandy loam surface horizons overlaying a clay 
layer. Soils were near saturation during logging. The helicopter deck was 
located on a slightly higher topographic position and the soil contained 
more sand. 

The salvage operation pidefines allowed no Live trees to be removed; 
only broken or fallen stems were harvested. After the salvage harvests, 
the remaining stands were similar to a diameter limit cut, only smaller 
stems remined. 

Field sampling of the two skidder-karves ted si tes consis ted s f  instal- 
lation of transect lines 40 m apart across the timber sale area. Along 
each trmsect Line, mechanical resistance was measured at 5 m intervals. 
Mechanical resistance at each point was recorded at 2.5 em intervals to a 
soil depth of 15 cm. Bulk density core samples were taken every 12.5 m 
along the transect. Every other bulk density core was capped and retained 
for total porosity, microporosi ty, macroporosi ty, and saturated hydraulic 
conductivity analyses. Auger holes were also established at every other 
bulk density station (25 m spacing) to determine the depth of the soil wa- 
ter table. All stations were sampled immediately before and immediately 
after harvest* Sampling of the helicopter deck followed the same basic 
design except that transect lines were spaced 20 m apart and an adjacent 
undisturbed area was swpled to represat the preharvest cmdi t ion, 



Simple t-tests were used to compare pre- and post-harvest values for 
all parmetem within each sitelharvest system. Means were determined to 
be significantLy different at the 0.05 si~ificmce Level. General samp- 
ling layout and analryses are presented in Table 1 and in F i p r e  1, 

Table 1. s s  p r a e d w ~ -  

Parme ter Hethod Spacing Soil depth Reference 

Soil. bulk core 22.5 x 40 
densl ty 

Soil nneehanicaL cone 5 x 40 
resis tmce 

Soil porosity desorption 25 x 40 

Saturated constat 25x40 
hydraulic head 
conduct ivi t y  

Water level atnger hole 25 x 40 

0-5 B1&e and Wartge 1986 

0-15 in ASM 1986; Bradford 1986 
2.5-cm 
intervals 

0-5 Klute tgnd Dirksen 1986 

Post-harvest soil bulk densi- 
ties were higher thm greharvest 
levels (Fig. 2); however, the two 

! skidder-haevested areas had reba- 
tively low bulk density values be- 

/ fore m d  after harvest. The heli- 
j copter deck had the highest bulk 
, density values, 1.07 g/cm3 for pre- I harvest and 1.46 g/cm3 for post 

I x = bulk density snd 2 5 necnenicsl resmrapce stations 
1 c - saturated hydraulrc i;orductivt:y p6rCSs ty art3 water I harvest. Soil mechanical resis- 
r table ~ t ~ t  on kmce followed a similar pattern: 
Figure I. Generic: earnpiing design. the  two skidded areas had slightly 

higher meckmieal resistmee values 
following harvest. The helicopter deck had the highest mecharaical re- 
sistarace (Fig,  3), which is not surprising considering the fact that the 
deck was intensely trafficked by trac tor- trailers and f rant-end loaders 
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1.6 t 

3 prc-harvest post-harvcnt 
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Figure 2. Sorl butk dansrty by treatment. 
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Figure 3. Soil mechanical resistance by treatment.. 

Total porosity values for the conventional skidder and high-flotation 
skidder were not significantly impacted by harvest (Pig. 4). However, the 
helicopter deck area, which had the largest increases in soil bulk density 
and mechanical resistance, had the largest change in total pore space, de- 
creasing from 59.7 percent in the undisturbed area to 45.0 percent on the 
log deck. 

Soil microporosity was not affected by any of the harvesting operations 
(Fig. 5); however, all three operations had a significantly negative impact 
on soil macroporosity (Pig. 6). Both skidders resulted in smaller changes 
in soil bulk density, mechanical resistance, and soil macroporosity. The 
narrow and wide tires resulted in preharvest macropore space of 22.7 and 
20.0 percent, and post-harvest macropore space of 19.5 and 15.7 percent, 
respectively. The helicopter deck, which had the largest increase in soil 
bulk density and mechanical resistance, was accompanied by the largest re- 
duction in soil macroporosity. Undisturbed macropore space decreased, from 
27.3 to 13.1 percent fallowing harvest* 

Total pare space (%I 
803 

Mlcropore space (%) , 

pre-harmst 1 
7E post-harmst 2?Z po@t-h6fWSt 1 

28-rnch tires 68-tnch tire8 28-tnoh tires fa&-~nch tiraa Hel~coptar deck 
Treatments Treatments 

Figure 4. Soil total pore space by treatment Figure S Soti mrcropsre space by treatment. 

Saturated hydraulic conductivity was significantly reduced by all three 
harvesting systems (Fig. 7). Hydraulic conductivity is affected by soil 



macropore space; therefore, hydraulic conductivity decreased proportion- 
ately. Pre- and post-harvest saturated hydraulic conductivity values were 
36.2 and 15.4 cmlhr for the 71-cm-wide tired skidder tract, 50.8 and 19.2 
cmlhr fdr the 173-cm-wide tired skidder tract, and 37 - 5  and 2*49 cmlhr for 
the helicopter deck, respectively. 

Water table levels were higher following harvest on the conventionally- 
skidded site (Fig. 8). On this tract the water table was 19.3 cm closer to 
the soil surface following harvest. 

Mwrapors 8p-@ 
40 1 Hydraulic conductivity (cmlhr) 

s 60r 

28-inch tires 66-inch tires Helicopter deck 
Treatments 

Figure 6. Soil macropore apace by treatment. 

28-inch tires 68-inch tire8 Helicopter deck 
Treatments 

Figure 7. Saturated hydraulic conductivity by treatment. 

Water table depth (om) 
I The same general impact pattern 

o existed for all three harvest met- 
- 20 hods. Traffic during moist soil 

I conditions compacted the soil and 
- 40 1 increased soil bulk density. Al- 

-60 
I though all three treatments had 
si@;nificantly higher soil bulk den- 

-60 sity following harvest, only the 
I helicopter deck area appeared to be 

- loo C Z j  prs-hsrwrl post-harus(ll 

* rlgnlflcnnt at 0 05 Lewl 
I adversely af f ec ted . The mechanical 

-120'  I resistance data suggested the same 
28-inch ttras $8-~nch tires Hellcopter deck 

Treatments thing. A land m q e r  need not be 
Figure 8. Soit water table depth by treatment. overly concerned by the slight in- 

creases in soil bulk density and 
mechanical resistance found on the two skidder harvested areas. However, 
macroporosity changes were significant and obvious. Although total poros- 
ity was not significantly changed, the ratio of micropores to macropores 
was increased. The decreases in macroporosity were the underlying causes 
of the decreases in saturated hydraulic conductivity. The large decreases 
in macroporosity were accompanied by even larger decreases in saturated hy- 
draulic conductivity. This is best explained by the fact that water flow 
decreases wi t b  the fourth power of the pore radius. 

Overall, the decrease i n  saturated hydraulic conductivity means that 
these wet, poorly aerated sites are now wetter and less aerated than before 



harvesting. Several studies have indicated that such an alteration is of 
long duration and site productivity will be negatively affected (Greacen 
and Sands 1980; Wime 1987; Aust 1989). The .water table levels are also 
higher after harvest tilam previously. It is important to note that the 
salvage operation did not remve my live, transpirinig trees. The in- 
creased water table level on the two skidded sites was not due to rainfall 
or decreased transpirational rates* The higher levels may be due to the 
reduction of water movemglt through the soil due to slower internal 
drainage. 

Several conclusions cr-r~r be dram from these separate case studies. 
Helicopter logging is viewed as m environmgntally beniw harvest method 
(Jackson and Morris 1986), but it should be noted that the helicopter deck 
is an area of intense activity and trafficking. The decks of ten serve a 
much larger harvest area thm a traditional skidder deck. heliorative 
practices should be considered for the helicopter deeks. Secondly, high- 
flotation, wide-tired skidders are comonl-y viewed as a means of minimiziw 
site impacts. This is true if the wide-tired skidder is used as a method 
of minimizing impact as opposed to increasing mobility. In the second sit- 
uation, the wide tires permit continued production, but the resulting site 
impacts may be severed This is somewhat analogous to the four-wheel drive 
mentality that allows a driver to go further don the road to get stuck, 
Lastly, and perhaps most importmtly, the three case studies point out the 
continued need for preharvest pl ing, The salvage effort on the Frmcis 
Marion National Forest was %n admirable effort, but it was an musual sit- 
uat ion. Bet ter timing a d  implementation of harvesting is usually feas- 
ible, a d  every effort should be mde to reduce traffickirrg on these wet, 
flat sites except during periods of drier soil conditions 
of existing soil mags c m  facilitate better preharvest pl 

Research was partially fuded by the USM Forest Service, Southern For- 
est Experiment Station, Timber Harvesting Unit, Auburn, Alabma. 
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A SCANDINAVIAN CUT-TO-LENGTH HARVESTING SYSTEM 
FOR THINNING SOUTHERN PINE 

Robert A. Tufts and Richard W. Brinker 

Abstract. Scandinavian cut-to-length timber harvesting systems 
consist of two machines, a harvester and a forwarder. The harves- 
ter was designed to fell, delimb, cut the stem to-length based on 
specifications progr ed into the machine* microprocessor, and 
place the pieces of the tree in a pile. The forwarder follows the 
harvester and picks up the pieces from the pile, loads them into a 
rack on the back of the machine, forwards them to roadside, and 
off-loads ;F pieces onto a trailer. As an example of this system, 
the Morcar 600 N harvester md 490 forwarder were evaluated. 

Machine &scription 

The n or car^^ 600 H and 490 ma- 
chines are based on a common eight- 
wheel, hydrostatically driven, 
articulated-frme carrier. The flip 
of a switch selects four- or eight- 
wheel drive, with or without a dif- 
ferential lock, The carrier has a 
14.4 ft turning radius and 23.4 
inches of ground clearance. It 
measures about 7.5 f t wide (8 ft 
with tracks). 

Enclosed, insulated csbs provide 
generous visibility, the comfort of 
heating and air conditioning, asld 
are quiet enough to enjoy the AM-FM 
stereo radio that is also included. 
Measured noise levels during oper- 
ation were 71 decibels for the har- 
vester and 77 decibles for the 
forwarder (75 in a pickup truck). 
Operators sit in an air suspended, 
swiveling 'kaptainfsw chair. All 
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functions are controlled from two 
"monkeys1 heads" at the end of the 
arm rests. Controls are electric 
over hydraulic for increased op- 
erator comfort. Also, by placing 
the hydraulic lines and valves out- 
side the cab, the mount of heat in 
the cab is reduced. 

The 21,780-1b $!0 H is powered 
by a 162 hp Perkins diesel engine. 
It is equipped with a pedestal- 
mounted, HN12S crane which can tele- 
scope to a 33-ft reach m d  carries a 
Morcar H60 barlchain harvester head. 
Trees up to 20.4 inches in diameter 
are directionally felled by the 
chainsaw; the tree is positioned for 
processing while it falls.. With the 
tree parallel to the ground, four 
steel feed rollers gull it past the 
three self-contained delimbing 
knives and buck it to length with 
the felling saw. 

The harvester is equipped with a 
stem measuring device developed by 
Kajaanin Automatiikka 8y of Finland. 
Sensors read dimeter and length as 
a stem feeds through the processing 
head and relay the data to a com- 
puter, which can be progr 
up to ten lengths with diameter lim- 
its. The operator simply fells the 
tree and pushes the button for the 



desired product; the computer controls the length of stem fed throu& the 
head and checks for the diameter limit. For example, the operator pushes 
the button for a 16-f t sawlog with a minimrun diameter limit of 6 inches. 
Accordingly, 16 ft of the stem feeds through the head unless the &inch 
limit is reached first. If the latter occurs, feedin@; stops, operator 
selects the button for the appropriate length, and the computer makes the 
adjustment 

Powered by an 80-hp Perkins diesel engine, the 16,500-lb 490 forwarder 
has a rated carrying capacity equal to its weight. It is equipped with an 

loader with a telescopic reach of 24*4 ft, 

Based on my observations, the Norcar harvesting system has several 
advantages over conventional timber harvesting systems. The greatest ad- 
vantage is the minimal residual stand damage* With a 33-ft reach, the 
600TH can harvest a 60-ft-wide swath with one pass leaving only two tire 
tracks. The eigh t-wheel carrier produces minimal ground bearing pressure. 
And, the 600TB operator can process the stems in front o f  the machine, 
stacking the merchantable pieces to the side and dropping the limbs and top 
in front of the machine before driving forward, further reducing soil dis- 
turbance. Since the machine is only 7.5 ft wide it can operate in a purely 
selective mode rather than remove a row for access. The unique cutting 
method reduces dmage to residual trees' Rather thm force the tree to the 
ground as a feller buncher would, after severing the tree from the stump, 
the butt is pulled toward the machine allowing the top to fall in the grow- 
ing space it occupied rather than through the surrounding s m d .  

The forwarder follows in the track of the harvester to load the 
merchantable stems, so less than 13 percent of the area experiences any 
traffic. Since the forwarder carries six times the load of a skidder, the 
total number of passes is reduced. Because stems are cut-to-length prior 
to forwarding, there are no long stems that might dmage residual trees, 
and the pieces are carried rather than dragged along the ground. Since the 
forwarder off-loads the wood to a trailer there is no need for a large 
landing; in fact, the trailer can be parked along the side sf a road with- 
out any landing. Also, by processing the trees in the woods, there is no 
large pile of limbs and tops near each landing as in conventional harvest- 
ing operations. 

The 
allows t 
aration 
terial i 

ability to merchandize each tree in the woods and separate products 
he system to maximize the profit potential of the stand. The sep- 
of products also reduces the transportation cost. Only sawlog ma- 

-s hauled to the samill rather than hauling the entire merchantable 
stem to the smi l l  where pulpwood is separated and transported to another 
facility. The cut-to-length products produce a neater truck load and elim- 
inate the need to have stems extending beyond the back of a trailer, 

Because of the high fixed cost associated with the system, reduced pro- 
ductivi ty caused by quotas present a financial hazard to independent con- 
tractors who consider this system. Also, the complexity sf the machine in 



terms of electric over hydraulic controls will require a mechanic with more 
skill than those normally employed by timber harvesting contractors. 
Because these machines are marnufactured in Finland, there is a potential 
problem for support of the machine and operator traini.ng. 

The total time to select, cut, and process is shown in Figure 1. The 
average time was 26.2 sec., or 2.3 trees/min. The time to select, cut, and 
process ranged from 10.8-53.8 sec. The portion for the operator to select 
the tree to harvest, position the head, and cut the tree averaged 10.8 sec. 
while processing the tree once the tree had been cut averaged 15.3 see. 

Figure 1 indicates 
Total Time (sec) 
60 that there was a rela- 

tionship between select, 
cut a d  process time, and 

50 tree sizel Tree size av- 

eraged 8.76 ft3 and rangj 
40 ed from 0.78-26.34 ft 

(3.6-14 0 inches dbh, 
XI  with an average of 7.7 

inches). The time to 
process the tree was a 

20 function of the number of 
pieces processed and the 
nnerchmtable volume. The 
time to select and cut 

0 the tree had a low, sig- 

Volume (cu ft) nificant correlation with 
tree size.  

Productivity was cal- 
Figure 1. Select, cut, and process times for culated (in cords; Fig. 
43% obsewations for the Nor 2) on a productive ma- 
vester . chine hour basis (Pm), 

with no allowance for 
mechanical or nonmechanical interruptions. A productivity was calculated 
for each tree based on the treers merchmtable volume md the time to se- 
lect, cut, and process the tree. An average of 7.1 sec. for move between 
cutting locations was added to the select, cut, and process time to calcu- 
late the total time per tree. Productivity ranged from 0.9-23.8 cords/PMH, 
with an average of 9.2 cords/Pm. 

The best model to predict the productivity in cords per PMH for a 
Norcar 600 H harvester was: 

= -1.539 c 0.6683 * dbh + 0*9754 Volume 
-0.1257 * Volume * Pieces. 

The coefficient of determination for the model was 0.873. 



The dbh was the most 

Productivity ( ~ ~ / P M H )  significant predictor of 
XI productivity, explainint;l 

84 percent of the varia- 

25 
bility in the data. (dbh 
was also very highly cor- 
related with merchmtable 

20 volme), As tree size 
increased, the volume 

15 component of productivity 
increased faster than the 

10 total time component; so, 
product ivi ty increased 
with tree size. bwver ,  

5 productivity decreased by 
0.13 cords/Pm for each 

0 
4 6 8 1 O 12 14 

additional piece proces- 

BBH (in) sed. The range of data 
used to develcsp this mo- 
del precludes its use for 
trees larger than 14 in- 

Figure 2. Mcula ted  productivity for the 435 ches in dbh. 
obsemations far the Nos ester. 

An hourly cost was 
calculated for the kar- 

vester by dividing the minimum annual equivalent cost (Tufts 1985) during 
the first 4 years of operation by the productive machine hours. Payments 
were based on a purchase price of $300,000 with 90 percent financed at 13 
percent for 5 years. A 28 percent marginal tax rate was used to calculate 
the impact o f  federal income taxes. The alternative rate of return was 9 
percent. The sum-of-the-years-digits depreciation method for an 8-year 
life and a 20 percent residual value was used to estimate the salvage value 
at the end of each year, 

Variable costs included fuel and lubrication, maintenance and repair, 
insurance, and labor. Fuel and lubrication costs were estimated at $2.90/ 
PMH, and repair and maintenance costs were estimated at $4O/PMH. Hazard 
insurance was calculated at 4 percent of the beginning-of-the-year value of 
the machine. A labor rate of $10 per scheduled machine hour, plus 1.5 
times the base rate for overtime, plus an extra 30 percent for fringe bene- 
fits was used t o  calculate ual labor expenses. Fuel and lubrication 
costs were assumed to escalate at 10 percent per year; maintenance and re- 
pair at 15 percent; and labor at 5 percent. Operating 235 9-hour days/yr 
with a utilization of 55 percent would produce 1163.25 PMH. 

Bef ore-tax cash flows were split between operating expenses ($90,926) 
which increased yearly, and machine payments ($73,720). Federal income tax 
savings result from decreasing taxable income by the mount o f  deprecia- 
tion, operating expenses, and interest on the loan. The minimum annual 
equivalent cost (AEC) is based on an ownership period of 4 years and is 
equal to $123,413 per year. The cost per PMH was $123,413/1163.25 PMH, or 
$106.09/PMH. Predicted productivity and cost per cord for a typical stand 
are depicted in Figure 3. 
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Figure 3. Predicted productivity and cost per 
cord for the Nor ester thiming 
a pine p l a t a t i o n .  
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Figure 4. Distribution of time among the 
ts for five loads of  p u l p w d  a d  

five laads af  sawlogs for the Har 
cycle 

The forwarder cycle 
was divided into five el- 
ements, and data were co- 
llected on each element. 
Fiere 4 shows the distr- 
ibution of total time for 
ten forwarder cycles. 
Ptalpwaod was the product 
produced for the first 
f i v e  of the loads and the 
other five were small 
sawlogs. The time is di- 
vided into travel with no 
load, loading product, 
moving during loading, 
travel with a load, and 
unloading. For the five 
loads of pulpwood, 76.9 
percent of the time the 
operator was either load- 
ing or unloading the ma- 
chine. Traveling to and 
f rom the woods consumed 
13.6 percent of the time 
a the remaining 9.5 
percent was spent moving 
during loading, The av- 
erage load weighed 16,310 
3b and required 24.28 
min. for a complete cy- 
cle. The average produc- 
tivity for the forwarder 
wkile producing pulpwood 
was 7.58 cords/PMN, 

For five loads of 
small sawlogs the ogera- 
tor was loading or un- 
loading the machine 63.8 
percent of the time, mov- 
ing during loading 14.5 
percent of the time, m d  
traveling 21.7 percent of 
the tine. An average 
load weighed 18,180 I b ,  
requir ing 23.15 m i n .  for 
a complete cycle. Aver- 
age productivity was 8.87 
cords/BfaEl* 



The average load of pulpwood contained 85 pieces compared with only 42 
for a load of small sawlogs. The greatest time difference was for loading 
where pulpwood required 12.8 min. compared with 9.3 min. for sawlogs. Un- 
loading tines were almost equal, with 5 3  min, for pulpwood and 5.4 min. 
for sawlogs. The average time per load was 23.6 min., but the average load 
size for sawlogs was 1870 i b ,  or 0.35 cords larger than the average load of 
pulpwood. 

Predicted travel speed for the forwarder was 2.31 mph empty and 1.85 
mph loaded. The time to place a grapple laad on the machine was a function 
of the number of pieces in the grapple and whether additional handling was 
necessary to align the ends of the pieces. The tine to move between load- 
ing locations was a function of the distance moved, and unloading time was 
a function of the number of grapple swings to unload, the number of pieces 
on the load, m d  the type of product. 

An hourly cost was calculated for the forwarder using the same metho- 
dology and assumptions as for the harvester except that the purchase price 
was $150,000, fuel and lubrication costs were $~/PMH, and repair and main- 
tenance costs were $20/PMH. The forwarder utilization was 65 percent, or 
1374.75 PMHfyear. 

Before- tax cash flows were spli t be tween operating expenses, $65,267, 
which increased yearly, and machine payments, $36,860. The minimum AEC was 
based on an ownership period of 4 years and was equal to $65,059/yr. The 
cost per PMH was $65,059/1374.75 PMH, sr $47.32/PFIW. 

The forwarding cost/cord for pulpwood, based on the average productiv- 
i ty and estimated cost would be $6.24 ($47.32 per PMH/7.58 cords/PMH) . The 
forwarding cost for small sawlogs would be $5.33/cord. These costs would 
vary with forwarding distance, pile size, and the distance between piles. 

The Norcar harvesting system was very productive while performing sec- 
ond thimings in loblolly pine plantations. Costs were competitive, if not 
lower than, conventional harvesting systems, and residual stand damage ap- 
peared less than that caused by other harvesting systems. Tree size had a 
significant impact on productivity, and the high fixed cost of the system 
requires a high level of productivity. 

Literature C i t 4  
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MANAGING LONGLEAF PINE UNDER THE SELECTION SYSTEM-- 
PROMISES AND PROBLEMS " 

Robert M1 Farrar, Jr., and William D, Boyes 

abstracte Six- and ta-year results are reported on group-selectim 
o smll tracts o eaf piw (Binus 1 

h e  starad is via volme cant e 
nt, the other i d via a structure target, 

and both are prescription burned on a 3-year cycle. Information is 
given on structure changes, volwne produetion, and reproduction es- 
tablishment and development. Comparisons are made w i t h  an adjacent 

aged and prescription burned for decades mder an even- 
aged shelterwood system. Mvantwes and disadvantages of the 
group-selection system for longleaf pine, both observed a d  antici- 
pated, are discussed 

Longleaf pine (Pims 1 
is generally regarded as a species 
best managed in natural stmds using 
even-aged silvieultural systems and 
is specifically well suited to a 
shelterwood system (Croker and Boyer 
19751, Due principally to seedling 
intolerance to competition, It is 
not ordinarily thought of as being 
suited to an uneven-aged or selec- 
tion system, However, we have evi- 
dence that the species can be 
aged mder a group-selec t ion sys tem 
that includes cyclic prescribed 
burning for seedbed preparation and 
control of unwmted vegetation. The 
following paper briefly describes 
the first 6- and 10-year results 

Paper presented at Sixth Biennial 
Southern Silvicultural Research Con- 
ference, Memphis, TN, Oct* 30-Move 
1, 1990. 

Principal Silviculturists, South- 
ern Forest Exp* Sta., located, res- 
pectively, Hississippi State Univ., 
and Auburn Uaniv. , AL* 

from two stands maaged mder such a 
sys tern, 

Study Areas 
Two tracts of natural longleaf 

pine forest, 30 and 36 ac in size, 
were surveyed and established as se- 
lection management demonstrations on 
the Eseambia Experimental Forest 
(EEF) in southern Alabaa (Table 1). 
One area, desicated the "volume/ 
guiding-dbh-limi tg"(V/GDL) s tmd, 
was inventoried md first cut during 
1977-78, The other area, desipated 
the "basal area-maximum dbh-qtt (BDq) 
stand, was inventoried and first cut 
during 1981-83. Both were chosen 
because they contained irremlar, 
patchy areas of mture longleaf pine 
and some groups and patches of seed- 
lings and saplings. Neither had re- 
ceived significmt cutting during 
the decade before selection as de- 
monstrations, but bath had been per- 
iodically burned for decades, 
treated once for hardwood control 
(Table 11, and were relatively free 
of woody competition* 



Table 1. Stmd data for longleaf pine d tratisn s t a d s *  
- - -- --- 

Itemloperation VlGDL stmd Bm&li stand Farm 40 

Location EEF Cpts. 147-148 
Area 36 ac 
TSI 1980 

Prescribed 1948 
burns 1954 

1957 
1963 
1968 
1972. 
1974 
1976 
1979 
1982 
1985 
1988 

The V/GDL stand is regulated under the system developed by Reynolds 
(1959, 1969) and Reynolds and others (1984) for uneven-aged loblolly-short- 
leaf pine (P. taeda and P. echinata) stands in southern Arkansas. Simply - - 
stated, the stand is reelated under volume control in the sawtimber com- 
ponent using a guiding dbh limit to help allocate the allowable cut. A 
desired volume in the sawtimber component at the end o f  a cu t t i ng  cycle is 
adopted as a target, the sawtimber volume growth rate is estimated, a sut- 
ting cycle (dependent on the sawtimber growth rate) is adopted, and a saw- 
timber volume is left after cutting (A-C) that w i l l  grow at the determined 
rate to give the desired standing volume at the end o f  the cutting cycle. 
The GDL is the dbh class in the upper portion of the stand table in and 
above which all the cut could be taken, if desired* However, i f  this were 
done, a diameter-limit cut would result and some good, fast-growing trees 
above the limit might be prematurely cut while some poor, slow-growing 
trees below the limit might be left. Hence, the term "guiding-dbh-limitit 
is a guide, and in fact, good trees above the limit are left and poor trees 
below the limit are cut to result in the allowabbe cut. 

Specifically, the V/GDL prescription was to leave a volume o& about 
4,000 FBM Doyle rule, or 6,500 FBM International 1/4-inch rule (Int.l/4) 
which, with an assumed growth rate of 200 PBM Iloyle (300 PBM Hnt.l/4), 
would grow in 5 years to obtain about 5,000 FBM D@e or 8,WO FBM I n t  1/4.  

The Bdq stand is managed mder structure control in which the entire 
merchantable stand table is treated -- not just the sawtimber* Thus, m a -  
agement is more complete and, as we shall see, more objective. Simply 



stated, an A-C target structure (stad table) specified by stmd basal 
area, maximum dbh of trees to be left, m d  a l-inch q (the fixed ratio of 
the nmbers of trees in succeeding 1-inch dbh classes) is adopted. Then 
the before-cut (B-C) inventory stand table is compared with the A-C target 
and surplus trees in excess of the target stand table are then harvested. 
If there are deficits between the A-C target m d  the B-C inventory, then 
enough basal area in trees above the target is left to ensure that the pre- 
scribed A-C basal area rewins, [See Farrar (1982, 1984) asad Farrar et al. 
(1989) for more informtion m d  other references on both VPGDL and Bdq 
remlation. 'j 

The BI>q prescription vas to leave 50 f t z  of merchmtable basal area (in 
trees over 3.5 inches dbh), assume a residual mtucimwn dbh of 20 inches, m d  
use a I-inch q of 1.2, 

Inventories 
The merchantable pine stand in each area is given periodic 100-percent 

inventories by I-inch dbh classes. These inventories inelude those to de- 
termine the B-6 stand table, ta mrk the trees to be cut, and to tally any 
logging or other damage for salvage. At the time of each B-C inventory, a 
skeitch map is made of the stmd to show ;my features such as roads or 
streams and any concentrations or scarcities of timber sizes (e.g., saw- 
timber , pulpwood). Volumes are determined by use of local volume functions 
a d  custom inventory s ry software for the EEF (Farrar 1986). At the 
time of the B-C volrnnae inventow, pine reproduction is also s a p l e d  and 
100 nested temporaq smgle plots are systematicabfjP inventoried on each 
tract. The nested plot consists sf a central circular milacre, on which 
seedlings (over 0.5 to 4.5 f t  in height) are tallied, within a circular 
I/POO-ac plot, on which sap1ing.s (I-, 2-, a d  3-inch dbh classes) ase 
tallied, 

Marking 
The marking rules to obtain the allowable cut for both VPGDL a d  BDq 

methods are basically simple. The poorer trees with respect to vigsr, stem 
form, and spatial position are removed in the allowable eut, and the better 
trees are left, rcrhile also adhering to the following group-selection rules: 
(1) Enlarge any existing group of reproduction by cutting merchantable bor- 
der trees that are candidates for removal but only if reproduction exists 
beneath these trees; (2) Start a new group of reproduction by removing 
those trees in and above the GDL or imw dbh class that need to be cut 
and have reproduction beneath them; and (3) Remove the rest of the allow- 
able cut in trees t&n singly in thimings in the closed remainder of the 
stand. The main logistical problem is to mrk all of the allowable cut in 
one pass through the stand. This can be practically achieved by dividing 
the stand into, say, quarters; allocating about one-qu%rter of the cut to 
each quarter; trying to hit the cut quotas in each quarter; and adjusting 
the cut up or down as required from quarter to quarter to mark the allow- 
able cut. [See Marquis (1978) for more details on this operation. ] 

Note that there is no attempt to allocate any certain area to any tree 
size class and we do not keep records on the area occupied by any size 
(age) class. The application of the group-selection marking rules is 



depended upon to eventually create the desired uneven-aged s truc ture. That 
this will probably occur is intuitively seen in the BDq system but is not 
so apparent in the V l G D t  system. 

Since growth on these medium sites was less than anticipated, cutting 
cycles were lengthened to 10 years to provide an adequate operable cut. 
Thus, the V/GDL stand was cut initially in 1977 and not again until 1987; 
and the BDq stand was cut only initially in 1982-83 and not in 1987. 

Treatments 
Both stads have received treatment to redrnce mwmted voody ve~etatfon 

ot  be effectively controlled by prescribed fire. ~ l l *  undesirable 
stems 1-inch dbh md larger were injected with herbicide* The VlGgL stmd 
was treated in 1980 (Tordon 101-R) and the BDq stand in 1965-66 (2,4-D 

Once the mwanted woody vegetation is brought under control, as above, 
continued control is by periodic prescribed fire. Both stads are winter 
burned on a 3-year cycle. Occasionally, 2-year spring burns may be imposed 
for a few cycles if the 3-year winter burns do not effectively keep hard- 
woods small. Because burns are prescribed to give complete coverage of the 
demonstration areas, they are not necessarily best for all timber sizes. 
Burns are most effective in the groups of closed timber, from large sapl ing 
to mature sawtimber in size, and are somewhat less effective in the groups 
of reproduction where fuels are principal ly  grasses rather than pine need- 
les. They also kill varying amounts of fire-susceptible reproduction be- 
neath parent trees but since regeneration is cyclically re-established and 
these fires also prepare seedbeds, the net effect so far, as we will see, 
is that regeneration is reelarly established a d  mu& o f  i t  retained. 

Structure 
The structure of the V/GDL merchantable stand has not yet assumed the 

classic reverse-J dbh distribution generally associated with balanced un- 
even-aged stands (Fig. 1) because: (1) the stmd kaas been under selection 
management for only 10 years; (2) it had one initial cut that was essen- 
tially an improvement cut/low thinning; and ( 3 ) ,  more importantly, there is 
nothing inherent in the V/GDL sewlation mthod to ensure a reverse-J dis- 
tribution. However, it may eventually result in such a distribution but 
not as soon as BDq. Some loblolly-shortleaf pine stands managed for dec- 
ades in south Arkansas under this system did not necessarily create re- 
verse-J dbh distributions in the process (Murphy and Farrar 1981). It re- 
mains to +be seen if the V/GDL group-selection system employed here will, of 
its own, result in a classic reverse-J distribution or i f  this condition is 
indeed necessary for successful uneven-aged agement; in bongleaf pine. 

The structure of the BDq merchantable stand is approaching a reverse-J 
dbh distribution because the cutting specifically tailors the stand toward 
such a distribution. Note in Figure 2 that above the 10-inch dbh class, 
the structure assumes a reverse-J distribution more or less parallel to the 



1, Frquency by mer 2, Frequency by mr 
I-in& dbh c1,wsw-ViaL s t a d .  1-inch dbh ehsa---  Bm stansdl, 

A-C target distribution for this reason and that there has been consider- 
able ingrowth into the smaller dbh classes; particularly into the 4-inch 
class* As magement and recruitment from reproduction continues, the 
srmd should more completely approach such a distribution. 

Growth 
The merchantable stand periodic growth for 10 years is shorn for the 

VIGDL stmd in Table 2 and for 6 years for the Bh stmd in Table 3. 
Growth has not been outstanding in either ease, mowating to about 30 Et3 
lac/ys, or about 140 FBMlaelyr Doyle, which is considerably less thm the 
208 expected, At this rate, a 5-year cutting cycle results in about 700 
FBM Doyle available for cut trhich is not economically operable, assuming 
1,000 FBM byle to be operable. With this sawtimber growth rate, a 10-year 
cutting cycle results in growth of about 1,400 mH Boyle grovth, which is 
economical to cut* 

The poor growth during the first growth period in each stmd resulted 
from volume loss caused by mortality. In the VlGBL stand the actual causes 
of the unsalvaged mortality are o m 9  but they were mast likely light- 
ning strikes and associated bark beetle attacks; possibb some was from 
logging darnage. In the BBq stmd the negative volme chmge is thowht to 
be for the sme reasons plus mortality from a 1983 windstorm, Although the 
latter was largely salvaged and captured in the eut, it did cause the cut 
to be about 300 FBN Doylelac above the amount mrked m d  reduced the base 
for growth. During the second period in the V/GDL stad, the relatively 
large positive change in volume suggests minor mortality and a growth rate 
that we think is more normal for such stmds. 

Sub-merehatable Stand 
Regeneration appears ts be adequate md sustainable in both the VlGDL 

and BiDq stands (Fig. 3 and 4)' In each ease, during the mmagentenf: period, 
the numbers of trees in each sapling dbh class has increased. If the num- 
ber of seedling and sapling trees dictated by the adopted A-C target Bm 
structure is taken as rn absolute minim, then the reproduction mount ap- 
pears to be more than adequate (Fig. 4). In both cases, a decrease in 
seedlings during the management period occurred. However, the seedling 



MerchmtabEe s t a d /  Sawtimber s t a d /  
Trees Basal area Volwe Volme Doyle Pnt,l/4" 

- (bd Etlac) - 

B-6 inventow 1973 98 62.0 1,576 9,274 
B-6 inventory 1982 32 53 , 7 9,394 I, 277 

Growth 1977-82 4 4.0 106 108 
PA3: 1977-82 2. 0+8 21 22 

B-6 inventory 1982 72 53.7 1,394 1,177 
B-C inventory 1987 88 62*4 1,623 1,357 

Chmge 1982-87 16 8.7 219 180 
Cut 9982-83 0 0 0 0 
Growth 1982-87 16 8.7 219 180 
PA1 19132-87 3 1 * 7  44 36 

cu t  1987 13 11.2 297 261 
A-C inventory 1987 75 51-2 1,316 1,096 

Table I q B  Six prduetian history-- BDQ seleetim standie 

Merchmtable s t a n d l  Sawtimber stmdl 
Trees Basal area Volme Volwne Doyle In t , 1 /4"  

(no. lac)  ( f t a / a c )  ( f t 3 / ac )  - (bd ftPac) - 

B-6 inventory 1981 74 
B-6 inventory 3987 81 

Growth 1981-89 17 
PA7: $981-87 3 

Gut 1987-88 8 
A-C inventory 1987 81 



ling and sapliw 1- Iiw md sapling I- 
in& dbh cllws frqumciets-VlWL in& dbb @%ass frquaeies-B& 
stand. s t a d *  

nwnbers are likely to fluctuate due to repeated burning, intermittent seed 
crops, logging damage, and recruitment into the sapling classes. In both 
cases, for these periods there was no logging so the chmge is attributable 
mostly to burning and recruitment. We might add that for a 10-year period 
prior to BDq management of the stand, its irregular stand of mature natural 
lowleaf had similar basal area density, sustained periodic light cutting, 
and received burns on a 3-year cycle as w s  the subsequent case. During 
this period, sapling frequencies also increased in this stand with time 
(Fig. 5). This observation suggested that longleaf could be managed and 
reproduced under a selection system that included the cyclic prescribed 
burning required for seedbed preparation m d  control sf hardwood 
competi tion, 

"li"rees per Acre Observations 
3 0 0 ~  - we have found no ser- 

ious problem to suggest that na- 
I tural -stands of longleaf pine on 
' longleaf pine/blues tern 
1 spp.) sites on the ro 

50 Gulf Coastal Plain 
0 aged a d  sustained 

2 4 M  

DBH Class 
selection system. This system, for 
longbeaf pine, requires regular 

llI B-C 1965 B B-C 1970 burning fo r  the multiple purposes 
CI B-C 1975 5 f3-C 1981 of seedbed preparation, unwanted 

vegetation control, a d  hazard re- 
Pime 5. S p l i n g  1-in& dbh class duction, However, successful man- 
f rqumeiw- agement for  "r years or less does 

not prove a system. Proof will re- 
quire practice and monitoring for 
several more decades. 

Further, the growth of such stands is not likely t o  reach the optimum 
that my be achieved under an even-wed shelternoad system using large 
blocks (> 40 ac) in each age class. The difference is probably due to the 
competition exerted by large timber on adjaeent smaller trees, particularly 



seedlings and saplings. The competitive effect of large timber root sys- 
tems extends for about the height of the large timber (or about 1 chain) 
into adjacent seedling and sapling stands or groups and retards their de- 
velopment, with the effect decreasing with distance. Thus, a circular op- 
ening of about 1/3 ac is entirely under competition from adjacent large 
timber. The effect is reduced at an exponentially decreasing rate as open- 
ing size increases. For example, a 5-ac circular opening has about 2.8 ac, 
or 56 percent of its central area free of competition from adjacent mature 
timber; while a 40-ac opening would have about 31 ac, or 83 percent of its 
central area similarly free. 

How much more efficient in wood production such a system of large even- 
aged stmds will be is own, but it appears that a forest of small even- 
aged stands (about 5 ach) grows no better thm our group-selection 
stands so far (Table 4 ) .  In Table 4 the periodic growth for the past 10 
years is shown for our longleaf pine Farm 40 demonstration (Table 1) on the 
EEF. It has been managed for more than 40 years under an even-aged system 
of shelterwood in small blocks of fractions of an acre to a few acres in 
size and with periodic prescribed burning. This stand is managed toward 
area regulation with an 80-year rotation and a 10-year cutting interval. 
It is growing at rates comparable to those of our V/GDL and BDq stands. A 
set of fully-regulated even-aged stands under area control has not yet been 
achieved in the Farm 40, but their composite is beginning to reflect the 
classic reverse-J dbh distribution expected under regulation (Fig. 6). 
Thus, it appears that there will be little volume production difference be- 
tween a longleaf stand managed and regulated under group-selection and a 

aged armd reelated under asr even-aged system that creates a 
balanced set of age classes in small stands of a few acres each, 

In addition to the necessary 
30 

Icngteaf pins management dmnstrat iw 

EscamMa Exwrlmenlal Forest 
25 

inch dbh elass frequencies- 
40, V/WL (cmpt, 1481, a d  
(contpt. 65) stwds, 

increase in the cutting cycfe from 
5 to 10 years dictated by the 
growth rates, further changes in 
the maagement sf both selection 
stands are pl edI In the V/GDL 
s t a d ,  we expect to gradually in- 
crease the residual sawtimber vol- 
ume to 4,500 to 5,000 FBM b y l e  
(7,000 to 8,000 FBM Int. 1/41 to 
improve the growth base, growth, 
and allowable cut. For the same 
reason, the residual basal area in 
the B& s t m d  will gradually be in- 
creased to 55 to 60 ft2/ac. Both 
are feasible targets that can be 
sustained as mmagement continues 
a d  structure improves. 

Good data on stem frequencies were obtained in the reproduction inven- 
tories but there was no information on the competitive or "free-to-growtf 



Table 4 .  Tm prrxlucltion histoq- 40 evm-aged s t a d s -  

Merchantable stmdl Sawtimber standl 
Trees Basal area Volwe Volume Doyle Int,1/4" 

B-C inventory 9977 119 50*8 1,200 857 3,376 5,437 
B-C inventory 1982 96 48.0 1,170 844 3,424 5,393 

Change 1977-82 -23 -2 * 8 -30 -13 48 -44 
Cut 1977-82 33 13*2 164 90 286 542 

Growth 1977-82 10 5.4 134 77 334 498 
PAI 1977-82 2 1,1 27 15 67 100 

B-6 inventory 198% 96 48.0 1,170 844 3,424 5,393 
B-G inventoq 1987 119 57.8 1,401 1,002 4,106 6,417 

Change 1982-87 23 9*8 231 158 682 1,824 
Cut 1982-83 0 0 0 0 0 0 

Growth 1982-87 23 9.8 231 158 682 1,024 
PAI: 1982-87 5 2*0 46 32 136 205 

Cut 1988 6 5.3 14.1 121 460 757 

status of these seedlings a d  saplings. In future reproduction inventor- 
ies, this information will be obtained so we ean better assess the portion 
of the reproduction liikely to contribute to ingrowth into the larger sizes. 

e our short-term experience with the group-selection system 
e, a set o f  the major advantages and disadvantages encount- 
tatlons, are listed below. Some are specific to longleaf 

pine iuld longleaf is mentioned in them. Others generally apply to a se- 
lection system in lobbolly, longleaf, or shortleaf pine. They are not 
necessarily in m y  order sf importance because this will vary with the ob- 
ject ives, experience, a d  skill level sf the practitioner. 

Advm t ages 

* It provides a p ~ s s i b l e  alternative to even-aged mmagement in long- 
leaf pine stands on medim sites where competing wanted vegetation 
can be largely controlled by cyclic prescribed burning, including 



growing-season burns (the comparative resistance of longlead pine 
seedlings and saplings to fire d lar burning of en- 
tire units, a practice general1 too dangerous for use with 
other southern pines wder selec 

* A constmt high-forest cover is maintained; no large areas are ever 
laid bare. 

* Regeneration is more or less continuous (not confined to one short, 
risky period as in even-aged systems). 

* Full rewlation is relatively easily, quickly, and automtically 
achieved if the selection system is properly applied to somewhat ir- 
regular s t a d s  (conversely, a full rotation is required to remlate a 
forest of even-aged stmds). 

* Small areas (e*g*, about 46 ac) can be economically aged for regu- 
lar, essentially even-flow, cuts within a relatively short period, 
depending upon the initial age/size class distributions (economic 
cuts from a smll forest of even-aged stands may be irregular md not 
optimally applied mtil near the end of the first rotation). 

* Volme yields of a swll selection stand of longleaf pine (e.g., 
about 40 ac) will likely be as good as that from a similarly-sized 
small forest comprised of many small even-aged stands, due to large 
zones of inter-stmd competition in both cases. 

* The diversity of age (size) classes found within a selection stand 
may be more aesthetically appealing to some. 

* In longleaf pine, it may provide better habitat for some rare md/or 
endangered sbecies of wildlife !! e. 9. , red-cockaded wood~ecker (Pic- 

e % a ,  - 
oidesuborealis) , gopher tortoise (Gopherus polyphemus), indigo snake 
(Drymarchon corais couperi)] due possibly to concentration and main- 
tenmee of suitable varied habitat within an appropriately sized to- 
tal stmd area without the disruption caused by final harvest and re- 
generation of relatively large even-aged stmds. 

* Within limits, smller (yotuagenr) or larger (older) trees can be grown 
under rewlatisn with simply a, change in cutting cycle and/or 
dbh a d  no chmge in stand area [in even-aged systems such a 
would require a change in rotation length, a change in the nwber o f  
cutting intervals, ge in the number of stands, re-division of 
the fixed area (or tion of additional area), and mother rota- 
tion t o  achieve replation] , 

* Reganlar prescribed burning in group-selection stads of lowleaf pine 
does not do the best  job for all tree size classes md is not cur- 
rently a viab le  option for other southern pines [burning in even-aged 
stmds can be better tailored to individual age (size) class needs]* 



* Some timber stand improvement work other thm burning (e.g.,  tree in- 
j e ~ t i o n  with herbicide or mechanical cutting i n  spring) may be re- 
quired in longleaf pine stands about every 20 years (even-aged stands 
probably need to be so treated only once in a ro ta t i sn ,  at the time 
of the shelterwood preparatoq or seed cut). 

* rdolunag yields in longleaf pine group-selection stmds will likely be 
less khm that from a forest of large even-aged s tands  (in the latter 
situation the zone of competition between different size c l a s s e s  sf 
timber is minimized). 

* Selection mastagetnent requires more time m d  atfention, w i t h  attendant 
costs, especially in early stages of adoption when personnel how- 
ledge m d  experience are at their lowest. 

* Significmt stmd inventory data (Lee, stmd mdlox stock table) are 
required at each cutting cycle to aide proper cutting and can be a 
sipifiemt added cost. 

* A 10-year cutting cycle is probably the shortest practical one for 
most Bongleaf pine sites (most even-aged stmds on the sane sites and 
less than about 50 years old can probably be economically thimed at 
a 5-year interval), 

* A selection system in longleaf pine may not be best for some wild- 
life species, such as bobwhite quail (Co 
it may be entirely suitable for others suc 
scsileus virginimus), tur 
fox squirrel (Sciurus niger 

* A selection system may not work well for longleaf f ine  on very poor, 
dry-, smdy sites, wet flatwoods sites with dense palmetto (Serenoa 
repens) understories, or very good mesic sites because effective pre- 
scribed burning fcr competition control and/or seedbed preparation 
may be difficult to achieve. 

* In this system it is difficult to economically m d  logistically apply 
area-wise mechmical or chemical control of mwmted vegetation, 

* The time required to grow longleaf pines of a given size will be 
longer in selection than even-aged stands due to extended periods of 
varying partial suppression before reaching the upper canopy. Thus, 
it may t&e several decades to convert a classical even-aged stand ts 
a regulated selection stand* 

The site sf this research is wintained in cooperation with the T.R* 
Miller Mill Co., Brewton, ABab Research was conducted in cooperation 
wi th  the School sf estry a d  the AZab &riculttrraI Experiment 
Stat ion,  Auburn, Alab 
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A SUBJECTIVE DECISION MODEL FOR CMSSIFECAT10N 
OF UNEVEN-AGED SfLVliCULTURAL SYSTEMS " 

Jmes M. Guldin, Robert M e  Farrar, Jr , ,  
Job 13, Wodges, m d  John R. Toliver 

Abstract. A subjective decision model far  ~sraeven-aged stmds is 
presented by which a silviculturis t can objectively assess whether 
a hypothetical system proposed for implementation meets the accept- 
ed criteria that constitute a theoretically robust weven-aged sys- 
tem, The model is based on subjective and objective standards that 
def ine szrrd characterize uneven-aged silviculture based on historic- 
al patwrns, contemporary research, m d  applied wniderstmding of 
the method. These standards derive directly from the underlying 
definitions and assumptions upon hieh uneven-aged silviculture is 
based 

As foresters impose uneven-aged 
silviculture across the South, a 
danger exists that stands may be 
mtanaged by minfsrmed, mist&en, or 
wishful intent rather than by strict 
attention to acbowledged uneven- 
aged s tandards .  Silvicultural in- 
terventions that are called 9tm- 
even-aged" 'should in fact be uneven- 
aged, so as to ensure long-term 
sustainability o f  stand structure 
and yields from the desired species, 

There are two pitfalls that 
await the unwaq forester who plans 
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to implement a new o r  untested un- 
even-aged silvicultural system in a 
given stand. The first is that a 
system may be labelled '"wen-agedr' 
when it is in reality even-aged. 
Foresters and Imdmers with long 
experience i n  even-aged methods may 
be tempted to incorporate even-aged 
features into a proposed uneven-aged 
system. The result may be that the 
weven-aged character o f  the propos- 
ed system is compromised to the 
point where the system becomes es- 
sentially even-aged. This is es- 
pecially cri tical on Federal lands, 
where compliance with existing man- 
agement plans often depends on the 
age structure o f  the stands being 
mmaged 

The second concern is that a 
system may be labelled 'funeven-agedvt 
when it is in reality so-called "se- 
lect ive cut t ingfg or "high-gradingn . 
This can be an insidious problem, in 
that several decades may pass before 
the ersatz "uneven-;rgedw method is 
found wantislg, Further, though the 
ersatz '"uneven-aged" ssytem will ul- 
timately be maligned as a failure, a 
properly-developed runeven-aged sys- 
tem might have been successful. If 
this leads foresters to reject 



"uneven-agedm methods as inappropriate for cer tain forest types based on 
the ersatz experience, when the techically precise implementation would 
have been successful, the craft of silviculture is not advmced. 

We therefore propose a subjective decision model to k l p  foresters de- 
termine whether a bypothetical silvicultural system is best identified as 
even- aged or upneven-aged. The model is based on commonly-accepted stand- 
ards for the conduct of uneven-aged silviculture in North hericm forests 
and elsewhere, derived from both the historical a d  contemporary 
li terature. 

In order to consider a recornended prescription or silvicultural system 
as uneven-aged, all of the following sttlsrdards mst be achieved. This 
stance is certainly open to debate. However, the failure to achieve unev- 
en-aged structure may not be imediately apparent, even over the course of 
several cutting cycles. Thus, our absolutist position ensures a conserva- 
tive posture such that the uneven-agedness of the proposed system is as- 
sured. Deviations from the standards represent, in our view, uneven-aged 
silviculture at risk* 

Cutting-cycle Versus Rotation 
Even-aged silviculture is based on the rotation, defined as the length 

of time between stand regeneration and final harvest (Society of American 
Foresters 1987), usually occurring at or near the age when the dominmt 
trees in the stand reach financial maturity. Dhlring the course of the 
rotation, silvicultural treatments are applied chronosequentially through 
the rotation, one treatment at a time. Conversely, uneven-aged 
silviculture is based on the cutting cycle, defined as the number of years 
between partial reproduction harvests* Many different silvicultural 
treatments are often imposed during a given cutting-cycle harvest, or are 
prescribed at given intervals during the cutting-cycle. Uneven-aged 
systems should be wholly unencumbered by the concept of rotation, relying 
exclusively on the cutting cycle as the operational unit of time* 

Three Age Classes Versus One or Two Age Classes 
In even-aged stands, trees of the desired species are the same age 

or age class, arising from a single major disturbace that affects the en- 
tire stand. Silviculturists allow for at most two age classes in an even- 
aged stad, to encompass a seedbearing or sheltering overstory. The dif- 
ference between the oldest and youngest tree within an age class is arbi- 
trarily established as not greater than 20 percent: of the rotation age 
(Smith 1986). In uneven-aged stmds, trees of the desired species occur in 
three or more distinct age classes arising from separate, small-scale dis- 
turbances. The difference in age between trees of mean age from the oldest 
and youngest age classes exceeds 20 percent of the mean age of the mature 
dominant tree at harvest. 

Notbever, apart from the formal definition, taneven-aged stmds are char- 
acterized by a prominent lack of concern about the ages of the trees in the 
stand. Most operational decisions about manipulating individual trees are 





generally conducted either as a component of cutting-cycle harvests or 
timed in association with them. A given practice is typically conducted 
only within distinct subunits of an uneven-aged stand in any given cutting 
cycle. However, the full variety of silvicultural practices--regeneration1 
site preparation, intermediate treatment, and reproduction cutting--are 
commonly considered within each cutting cycle in every uneven-aged stand. 

After a cutting-cycle harvest in an uneven-aged stand, a majority of 
the area is unsuitable for acquiring regeneration. This is the case simply 
because the majority sf the growing space will be occupied with imature 
trees. Establishing regeneration beneath an imature stand is as illogical 
in weven-aged silviculture as it is in even-aged silviculture, 

Because regeneration is only required in subcomponents of the stand, 
the area in which site preparation is applied will be restricted as well, 
Efforts to impose site preparation across the entire stmd will result in 
considerable wasted effort and expense. On the other hand, the few areas 
that require site preparation should unquestionably be treated. Thus, the 
best approach to site preparation in an uneven-aged stand is to have the 
entire stmd subject to site preparation, but to only impose the treatment 
in those submits of the stand where it is required. 

In uneven-aged silviculture of both pines and hardwoods, release cut- 
tings are thought to be the most critical element of intermediate treat- 
ment, This is because the research basis for successful establishment and 
development of regeneration in most uneven-aged stands is, with a few prom- 
inent exceptions, very tenuously established. i f  adequate regeneration of 
desired species is acquired, release treatments will probably optimize its 
development, Thus, herbjcides will continue to play a key role in uneven- 
aged silviculture. 

Just as improvement cuttings are commonly applied as the initial treat- 
ment in old cutover or mismanaged even-aged stands, so should they be the 
first cuttings conducted in cutover or miswaged uneven-wed stmds. The 
most likely cmdidates for improvement cutting are old even-aged stands un- 
der trmsltisn to uneven-aged structure. The suppressed or poorly-formed 
trees at the lower end s f  the normal curve are unlikely to respond to re- 
lease, and represent poor growing stock upon which to rely. Similarly, 
large trees of low vigor that are at risk of mrtality prior to the next 
stand entry should also be removed. 

The major classification of thinning--low, crow, mechmical, free, and 
selection thinning (Smith 1986)--applies to wneven-aged silviculture as 
well as to even-aged silviculture. In m y  given cutting-cycle harvest ,  a 
forestei will likely employ low thinning, crow thinning, mechanical thin- 
ning, and thiming of dominmts in different parts of a given uneven-aged 
stand. A thinning with these different components in an uneven-aged stand 
should be called free thinning, as is a thinning with these different com- 
ponents in m even-aged stand, 

Cut The Worst Trees And Leave The Best, Versus Vice Versa 
Ara essential feature of the selection method i s  to employ some objec- 

tive or subjective procedure hereby trees above some critical diameter 



limit can be retained, and trees below the limit can be removed, Most 
practical methods of regulating uneven-aged stmds must include this fea- 
ture to improve the silvicultural condition of the residual stand. To 
qualify as legitimate uneven- aged practice, some discrimination among the 
imature trees must occur such that the poorest are harvested during the 
cutting cycle operations, and the best are retained (Troup 19281, 

Sustainable Stmd Structure Versus Unsustainable Structure 
heven-aged silviculture depends on the successful acquisition o f  re- 

generation o f  the desired species. As in even-xed silviculture, "success- 
ful" in application to regeneration has two components--adequate numbers 
and adequate distribution. - The long-term success of uneven-aged silvicul- 
ture in m y  given stand depends on whether enougla seedlings and saplings 
can be acquired for proper development into the merchantable classes, 
thereby ensuring long-term sustainable yields from the stand. 

Uneven-wed stavlds c m  exist in one of two cewlatory configurations-- 
well-balanced s tands or poorly-balmced s tarnds. A well-balanced uneven- 
wed s t m d  produces similar yields at each cutting cycle, sustainable over 
the long term. A poorly balanced (or  i r r e m l a r )  uneven-aged stand produces 
yields that vary between cutting cycles, but which are sustained in the 
long term. Poorly-balanced stands comprise the majority of uneven-aged 
stands, and will become more prominent as even-aged stmds undergo transi- 
tion to uneven-aged structure. 

A failure to sustain long-term yields leads to "selective cutti~g.~' 
Yet, the term ffselective cuttingw 'itelf is confusing, in that it has no 
consistent silvicultural meaning among foresters or the general public. In 
its most common practice, "selective cuttingff is an abusive cutting method 
that releases trees of poor form and slow growth. Because of the incsnsis- 
tent meaaaing associated with this term, we advocate that its use be discon- 
t inued  in all but its negative silvicultural memings. 

Volme or Structural Regulation Versus Area Reelation 
The key to sustainability of uneven-aged structure is not the short- 

term conceit of balance but- rather the long-term concept of regulation. 
Methods of replation are critical to the success of the method. Volume 
regulation, in which the allowable cut is based on the periodic increment 
over the preceding cutting cycle, has been shorn to be effective in several 
long-term cases in the United States (Pearson 1952; Rey-hoids 1959, 1969)* 
Structural remlation, i n  which the allowable cut is based on an ideal tar- 
get stand structure, is a more recent development, though one in which 
long-term success has yet to be conclusively demonstrated (Farrar and 
Murphy 19891, 

This offers a logical rewlatsry distinction between the methods. If a 
pattern of harvest is based on area replation at the stand level, we sug- 
gest that the method is in reality even-aged. On the other hand, if the 
harvest is conducted using volume control or structural control--even if 
the harvest is concentrated in a few large subunits of the stand--then ve 
suggest that the system is in reality an uneven-aged selection system. Ef- 
forts at the s t m d  level to combine area r e p l a t i o n  with either volume con- 
trol or structural control simply add inefficiency, cost, and undue con- 
straint to a system that does not p r o f i t  by the combination. 
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The ideas presented in this paper are intended to serve both as a set 
of fundamentals for the application of uneven-aged silvicultural systems, 
and as a point of departure for expanding the debate about the more poorly- 
understood details regarding those systems. Differences in interpretation 
among different foresters may lead to debate about the importance of ac- 
hieving these standards, and it is the intent of this paper to foster such 
debate. If systems that deviate from these standards are proposed as un- 
even-aged, the proposers might do well to exmine whether the deviations 
are not resulting either from an undue attention to short-term yields at 
the expense of long-term sustainability of uneven-aged structure, or from 
an effort to retain some semblance of even-agedness out of convenience, op- 
erability, or other non-silvicultural considerations. 
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ENFLUENCE OF RESIDUAL SHORTLEAF PINE SEED TREES 
ON HEIGHT OF REGENERATEON ' 

Timothy A. Martin, Robert F* Wittwer, Michael M e  Wuebscb 
md Thsntas B* L p e h  

Abstrilct. Total height, dbh and location of a14 shortleaf pine 
(Pinus eehinata Mill,) sapliargs regenerated within a 25-ft radius 
of three shortleaf pine seed trees were recorded on a Ouachita 
Mountain site in southeastern Oklahoma. The ages of a subsample of 
the saplings wePe obtained. Total height and age, dbh, crow 
length a d  width, a d  radial increment since harvest were recorded 
for each seed tree. Regeneration density adjacent to the seed 
trees averaged 3,200 saplings/ac at I4  years of age. Sapling 
heights increased with increasing distance from the seed trees, 
Sapling dimetgrs were not well correlated with proximity to the 
seed trees becaease of intense competition within the young stmd. 
A regression model relating sapling height to askance from the 
seed tree indicated that tstal height of regeneration was reduced, 
on average, within %8,5 ft of the seed trees. Total volume of re- 
production within the affected area averaged 1023 vs. 1256 Et3/ac 
beyond the 18.5-Et radius, roughly a 20-percent difference. How- 
ever, the existing El seed trees/ac influenee only about 27 percent 
of an acre. This reduces the 20 percent volme loss to under 5 
percent. In addition, the value of sawtimber vol*me added to the 
seed trees more thm offset the growth loss of the sapling voluane. 

Naturally regenerating southern 
pines can be an attractive option, 
especially on public a d  nsnindus- 
trial. private forests, public 
often perceives natural regeneration 
to be more consistent with multiple- 
use objectives. Private lmdsmers, 
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on the other hmd,  appreciate the 
lower up-front costs associated with 
this option. Forest managers use 
natural regeneration on one-third to 
one-half sf the stands in which 
shortleaf pine (Pinus echinata 
Mill.) either predominates, or is 
mixed with Loblokly pine ( P a  - - taeda 
L .  O f  the three even-aged sys- 
tems--elearcut, seed-tree, asrd shel- 
terwood--the seed tree system is the 
one most widely used (kwson 1986). 

When contemplating the possibfl- 
i t y  of regenerating pine stands by 
the seed-tree method, one must m s -  
wer several. questions: (1) IQsw many 
a d  what kind of seed trees should 
be retained? (2) If the seed trees 
are retained after regeneration oc- 
curs, will they suppress the devel- 
oping s t m d  or  cause it t s  be over- 
stocked? (3) Will the volume added s 



to the sawtiYnber-size trees more than compensate for the slower sapling 
growth? (4) How valuable are the seed trees now, and what is their poten- 
tial value? (5) How feasible is a seed-tree harvest  once the regeneration 
becomes established? (6) %at potential d ge or benefit might a harvest 
incur in the new s t m d  (Grmo 2961)? 

There is Little mailable informtion describing competition asld growth 
relationships between seed trees and adjacent reproduction. Smith (1961) 
measured the total heights of 9-year-old longleaf pine ( Pinus palus tris 
Mill.) seedlings associated with seed trees whose average crown radius was 
I1 ft. We found that seedlings within a PO-ft radius s f  the parent trees 
were 45 percent as tall as those in a "competition zone" 20-30 f t out. 
Seedlings located 10-20 f t  from the seed trees were 70 percent as tall as 
those in the  outer zone* If a seed wee reduces reproduction growth within 
a 25-ft radius, then reserving 10 such seed trees per acre may affect 45 
percent of the new stmd. 

Shortleaf pine stocking gides, whicfa use the crown area of open-grown 
trees to estimate the maximm P"~oving spacef9 a tree of  given dbh requires 
(Rogers 1983), may indicate the competitive influence seed trees have on 
their offspring. For example, a 12-inch dbh tree requires 8.1 milacres 
(radius: 10.6 f t )  of growing space; a 14-inch dbh tree requires 10.6 mil- 
acres (radius:  12-1 ft), a d  a 16-inch dbh tree requires 13.5 milacres (ra- 
dius: 13.7 f t ) *  

This study attempts to provide a preliminary assessment of the competi- 
tive relationships between shortleaf pine seed trees and their reproduc- 
tion. Forest mmagers should find this information useful when determining 
the role m d  fate sf seed trees mder this silvicultural system, 

Hethods 
Study Area 

The study site is located on forest industry lands in southern Pushma- 
taha County, Oklahoma, near the southern edge of the Ouachita Mountains 
physiographic province. It is north of the Gulf Coastal Plain and near the 
western limit of the southern pinesf natural  ramge. Soils are mapped in 
the Sherwsod-ZaEra associatian, m d  are moderately deep to deep, well 
drained, and typified by fine sandy loam surface layers overlying sandy 
clay loam (Bain and Watterson 1977). The shortleaf pine site index for 
these soils is m estimated 70 ft at 50 years. 

Although past management records were unavailable, present conditions 
indicate the stmd was harvested approximately 14 years ago, leaving about 
11 seed treeslac* It aDgears a herbicide treatment has effectively con- 

& 4. 

trolled most hardwoods. Post (Quercus s tella ta Wangenh. ) and blackjack 
oalts (Q. marilmdica Hueneh.) are prevalent mow the existi= hardwoods. 
The s t$d needed precomercial t h i m i n g  because of the over-ahundm t short- 
leaf pine regeneration. 

Data Collection 
The following variables were measured on three typical shortleaf pine 

seed trees: dbh, total height, erom length, cram radius in the four car- 
dinal directions, total age, and diameter increment since the last harvest. 



Preliminary observation indicated that the radius of a seed tree's influ- 
ence on sapling height was within 25 ft. Consequently, each sapling within 
25 ft of a seed tree was mapped, and its total height and dbh recorded. 

Data Analysis 
Seed- tree cubic-£00 t volumes were determined from ta~er functions de- 

veloped by Farrar and Murphy (1987). Board-foot volumes '(~o~le), were de- 
rived from Mesavage and Girard volume tables, form class 78. By assuming 
that the saplings had a conical shape, groundline diameters were calculated 
using similar triangles. Cubic-foot volwnes were then estimated using 
groundline diameters and total heights. 

Several regression models were 
tested for their ability to relate 
sapling dbh, height, and volume to 

I - I - distance from the seed tree. A 
1 segmented-linear regression model 

C 

x with one joint point relating sap- 
0, .- 
Q, ling height to distance from the 
I: 
0, 

seed tree was chosen to estimate 
c .- - the radius of the competition zone 
0, 
a (Fig. 1). The model's interior 
cn segment consists of a simple linear ' Edge of Gompetitron Zone regression line. The exterior seg- 

ment is a horizontal line repre- 
senting the mean height of trees 

Distance from Seed Tree beyond the competition-zone radius. 
The interior and exterior model 

]Pi gure of a s ted- seeents were mathematically cons- 
linear BDOdel ting trained to join at the comgetition- 
sapling height to distance from the zone radius by transforming the da- 
seed tree. ta in the inner-segment model. 

These data were transf ormed by 
subtracting the eompetition- 

zone-radius distance from each inner-segment tree distance, and the outer- 
segment mean height from each inner-segment tree height. This made it pos- 
sible to estimate the slope of the inner segment line using Statistical 
Analysis System (SAS Institute 1988) software for fitting "no-interceptM 
regression lines. 

In fitting the segmented regression model, the sum of squared residuals 
(SSR) was obtained by adding the SSR for the sloped simple linear regres- 
sion segment to the SSR about the horizontal mean line (equivalent to the 
total sum of squares corrected for the mean) comprising the outer segment 
of the model. The competition-zone radius of each seed tree was adjusted 
iteratively to find a minimum model SSR. The radius corresponding to this 
minimum was accepted as the estimate of the competition-zone radius for 
that seed tree. 



Table 1- -ription of seed trees. 

Seed Crom Av crown 
tree &e Dbh Height length radius 

(y r )  (inch) ---------- ( f t )  ----------- 

Table 2. &scription of regeneration. 

Seed Sapling Average Average Average 
tree count height dbh age 

(ft) (inch) (yr) 

Results 

Characteristics of the seed trees are described in Table 1. Based upon 
shortleaf pine sto&ing guides (Rogers 1983), the sample trees require an 
average growing space of 11.6 milacres (equivalent to the area of a circle 
having a 12.7-ft radius). The seed trees were about 30 years old when the 
saplings became established. The regeneration around each tree contained 
only minor openings and a small number of hardwoods (Fig. 2). An average 
of 143 sterns, or about 3,200/ae, were present within 25 f t of each seed 
tree (Table 2). Accordin& to Rogers (1983), a stand of trees with a 2.0- 
inch average dbh should have no more than 2,600 stems/ac; this further in- 
dicates t he  s t m d f s  ooverstocked condition. 

Diameters, being strongly density sensitive, were not well correlated 
with distaslce from the seed tree. In general, the saplings increased in 
height with increased distance from the seed trees. At about 16-18 ft out, 
however, the heights leveled off (Fig. 3). For any distance from a seed 
tree, t he  rage sf sapl ing heights exceeded 10 ft. 
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Seed Tree-regeneration Competitive 
Relations 
Figure 4 illustrates the seg- 

mented-regression model for seed 
tree one. The point at which the 
two lines intersect denotes the 
outer limit of the zone dominated 
by the seed tree. The radius of 
the competition zone averaged 18.5 
f t for the seed trees in this study 
(Table 3). Proportion of total 
variation explained by the segmen- 
ted regression model was 0.38, 
0.43, and 0.45 for seed trees one, 

2 6 10 14 18 22 26 two, and three, respectively. 
Distance from Seed Tree ( f t )  

The saplings inside the com- 
e 4. t&li re-- petition zones grew 1023 f t3/ac, 
gression model identifying the while those outside the zones av- 
competi tion-zone radius of seed eraged 1256 ft3/ac. However, the 
tree orie. existing 11 seed trees in f  f uence 

only about 27 percent of an acre. 
Hence, the true sapling growth loss 

is approximately 63 f t3//a (about 5 percent). This translates into a loss 
of $7-Wac at current local pulpwood stumpage prices. During the same per- 
iod, the seed trees grew an estimated average 139 ft3, or 418 bd ft/ac 



(Table 4). This volume translates into a gain of $60-70/ac, more than com- 
pensating for the sapling growth loss. 

Table 3- Vo tion inside aid outside 
of the s d - t r e  cawt i t ion  zone. 

Seed Zone Model 
tree radius ptvl Inside Outside 

Mean 18.5 

Proportion of total variation explained by the 
segmented regression model. 

Table 4. tree growth duriw regeneratisn 
period. 

Seed Dbhl Height 
tree 

(inch) (ft) 

Mean 2.5 12 

(ft3) (bd ft) 

Measured from increment cores. 

Estimated from site index curves (Graney and Burk- 
hart 1973). 

Doyle log rule. 



Short leaf pine seed trees suppress the height growth of ad j acen t sap- 
lings beyond the area covered by the seed tree crowns. On average, the 
volume of regeneration located inside the cmetition zone was about 20 
percent less than that outside. However, considered sn a per-acre basis, 
the loss dropped to about five percent. Also, the sawtimber value added to 
the seed trees more than offset the lost pulpwood volume growth. 

Although shortleaf pine rotations of 60-70 years are typical, the seed 
trees observed in this study were only about 30 years ohd when the stand 
was harvested. Their average total height at that time probably was be- 
tween 30-40 f t. Assuming a 50 percent live-crown ratio, the height to the 
base of the live crown was 15-20 ft. For several years after the harvest, 
the seed trees had little competition; hence, they self-pruned very few 
branches. At present, height to the base of the live crown averages 17 ft 
(Table 1). Had the rotation been lengthened, the seed treesf total heights 
and heights to the live crown might be 15-25 f t  greater than those sampled 
in this study. The greater height of the crowns would allow more light to 
penetrate to the forest floor, significantly altering the competitive rela- 
tionships observed in this study. 

Land managers should attempt to quantify the potential value increase 
of seed trees when considering their fate. The cost of reentering the 
stand to harvest the mature trees may be greater than the finmcial return 
from their sale. However, if the young stand is grossly overstocked, sal- 
vaging the seed trees may provide a more cost-effective method of reducing 
sapling numbers. 

Professional Paper No. P-3379 of the Oklahoma Agricultural Experiment 
Station, Oklahoma State University, Stillwater, OK 74078. The cooperation 
of Georgia-Pacific Corporation is gratefully acknowledged. 
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STAND DEVELOPMENT FlVE YEARS AFTER CUTTING TO DlFFERENT 
DIAMETER LlMITS IN LOBLOLLY-SHORTLEAF PINE STANDS ' 

Paul A-  Murphy and Michael G I  Sheltan 

Abstract. Three diameter-limit cutting treatments--12, 16, and 20 
inches--were replicated four times on I-ac net plots surrounded by 
a 66-ft isolation strip in loblollv-shortleaf pine s tands  (Pinus 
taeda L . ,  P. echinata kill.) locateb on the ~rossett ~x~erikental 
Forest in Ashley County, Arkansas. Hardwoods were treated before 
cutting with a soil-applied herbicide. An analysis of 5-year basal 
area, cubic volume, and board-foot volume growth showed no differ- 
ences among treatments. The distribution of reproduction by seed- 
ling and sapling size classes did show trends by treatment. Tree 
basal area growth was related to pretreatment tree growth and the 
diameter limit that w s  imposed. 

Diameter-limit cutting is a po- 
tential harvest cutting technique 
for selection manrrgement, Unfor- 
tunately, it has been synonpous 
with highgrading, in which the bet- 
ter trees are harvested m d  the rest 
are lef t .  True dimeter-limit cut- 
ting is more properly defined as the 
removal of all trees above a certain 
diameter, regardless of their qual- 
ity. Despite the opprobrium that 
diameter-limit cutting has received 
because o f  its association with 
highgrading, some evidence indicates 
that it might be a viable cutting 
method. 

Trimble (1971) compared dim- 

eter-limit cuttirng., single-tree sel- 
ection, and clearcutting in Appala- 
chim hardwoods an the Fernow Ex- 
perimental Forest in West Virginia. 
The dimeter-limit cuts varied be- 
tween 1525 a d  17-0 inches a d  av- 
eraged 16.6 inches. He concluded 
that dimeter-limit sating should 
nee be repeatedly applied to those 
hardwood stmds because species cam- 
posirion is not as easily controlled 
as in single-tree selection, arnd 
cutting tends to concentrate on the 
bet tes qual i  ty trees (because qual- 
ity i s  partly a faaraction of size). 
Moreover, meschmtable growth may be 
reduced by: (1) vs%me deduction in 
cull a d  other trees left below the 
limit; (2) mortality o f  trees below 
the limit; and ( 3 )  mderstocking 
(hecause stocking is not explicitly 
controlled). Trimble also concluded 
that dimeter-limit cutting could be 
advmtageously used as a first cut 

aged stands to remove old, 
"aper presented at Sixth Biemial large residuals. 
Southern Silviculkural Research Con- 
ference, Hemphis, W, Oct. 30-Nov. Smi t k  and h s o n  (1977) investi- 
1, 1990. gated growth and development of a 

52-ac Appalachia hardwood stand on 
Principal Mensurationist and Sil- the Fernow Experimental Forest after 

viculturist, Southern Fogest Exp* a one-time c u t t i n g  ta a 9-inch 
Sta., Monticello, M e  



diameter limit. Twenty-five years after the diameter-limit cut, sawlog 
volme was 7,425 bd ftlac (International 74-inch rule), and periodic annual 
growth was 300 bd f t/ac. The result was a well developed young sawtimber 
stand* Smith and m s o n  concluded that cutting left a pole-sized stand 
(composed of trees that were in the intermediate or overtopped crown 
classes) that responded well to overstory removal. Nowever, an older stand 
might not have responded as well. 

Beck (1989) reported on selection thinning from above--a treatment sim- 
ilar to dimeter-limit cutting--in yellow-poplar (Liriodeadron 
L.) on the Bent Creek Experimental Forest near Asheville, North Carolina. 
Beck concluded that the method might be used to generate income (low thin- 
nings would not produce an operable cut) and leave the stand reasonably 
productive, provided that trees in subordinate positions are capable of 
responding to release. 

According to Le& (1978), a stand will have a consistent structure and 
yield if a consistent cutting policy is followed. The structure and yield 
may not be constant but may vary with a rewlar frequency. Although it has 
been suggested that dimeter-limit cutting may have a long-term dysgenic 
effect, there is no evidence to support that contention. However, diamet- 
er-limit cutting offers no spportmity to improve volme m d  quality of 
crop trees through improvement cuttings and tbinnings. 

Some regulation techniques in selection management use a modification 
of dimeter-limit cutting. For exiunple, the volume control method used to 
regulate stand structure (Reynolds 1959, 1969) involves the use of a guid-  
ing diameter limit as a criterion for marking a stand for cutting. The 
basal area-m;lximw dimeter-q (BDq) techique o f  sfmd structure replation 
(Marquis 1978, Farrar 1981) specifies a maximum diameter class to be left 
in the residual stand, The concept of finaslcial maturity of individual 
trees (herr, et ale, 1956; hrphy and Guldin 1987) uses tree size and 
growth rate. For a given diameter growth rate, a tree will reach a size at 
which its marginal increase in value in percentage terms falls below the 
alternative rate. It should then be harvested* 

The longest term research on diameter-limit cutting was the methods- 
of-cutting study conducted on the Crossett Experimental Forest in south 
Arbsas. The effect of four different reproduction cutting methods--heavy 
seed-tree, selection, diameter-limit, a d  clearcutting--on the subsequent 
growth and development of reproduction and growth and yield was investi- 
gated. Baker and Murphy (1982) reported on the 36-year results. The dia- 
meter-limit treatment outraked the clearcut iznd selection treatments in 
merchantable cubic-foot volume production and outrmked the elearcut for 
board-foot production (Doyle rule). There were no significant differences 
between dimeter-limit cutting and the highest ranked treatments in volume 
production, either in cubic feet or board feet. The results indicate that 
if dimeter-limit cuttings are done regularly and consistently in loblol- 
ly-shortleaf pine stands (P. taeda L.,  P. echinata Mill.), the stands will 
recover from the i n i t i a l  ddrastic redue6on in growing stock and will pro- 
duce a sustainable harvest--provided the seed source is adequate and the 
hardwoods are periodically controlled. 
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Figure 1. Stand structure by year for plot 64-2 of methods+£-cutting 
study, Crossett t d  Forest, AR. 

Figure 1 shows the stand development of one plot of the diameter-limit 
treatment of the Crossett Forest study through 1968. Unfortunately, the 
cutting practice on the diameter-limit treatment was altered in 1968, and 
the subsequent results are not indicative of a consistent diameter-limi t 
cutting. Note that the residual stand gradually built up stocking and that 
reproduction was being recruited into the merchantable classes. The stand 
also had a good inverse J-shaped stand structure at the start. At least 



during this period, the results indicate that the plots subjected to di- 
ameter-limit harvest provided sustained harvests, albeit variable ones. 

The results of these studies yield some tantalizing insights into stand 
dynamics. Most of the studies, however, investigated perhaps one diame- 
ter-limit treatment that was imposed just once or perhaps a few times. No 
study has investigated the effect of repeated application of different di- 
ameter limits to forest stands--especially in loblolly-shortleaf pine 
stmds, which have a simpler composition and structure than hardwood stands 
and are more resilient than hardwoods to the detrimental effects of log- 
ging. Although the apparent efficacy of diameter-limit cutting is some- 
times questionable and may be limited in application, such a study could 
provide an excellent insight into stand dynamics and the limitations of 
diameter-limit cutting as a standard practice. 

With these objectives in mind, a dimeter-limit cutting study was in- 
stalled in loblolly-shortleaf pine stands in southern Arkansas in 1983. 
Presented here are the initial 5-year results. 

Methods 

The study plots are located in loblolly-shortleaf pine stands on the 
Crossett Experimental Forest in Ashley County, Arkansas. Average annual 
precipitation is 53 inches, and the soils on the study area are predomin- 
mtly Bude silt loam (Glossaquic Fragiudalfs) with some Arkabutla (Aeric 
Fluvaquent s) and Providence (Typic Fragiudalf s) silt loams . The stands 
have been under uneven-aged management with a cutting cycle of 3 to 9 years 
(Reynolds 1959, 1969). The last cut was in 1966, and the stands apparently 
lost smaller sized trees to suppression mortality during the 17 years of no 
activity prior to study establishment. The stands have thus assumed a more 
characteristic, even-aged stand structure. Furthermore, many of the trees 
have probably reached ages of 70 years or more. The stands before study 
installation in 1983 averaged--on a per acre basis--117 merchantable trees 
(3.6 inches dbh and larger), 104 ft2 of merchantable basal area, 3,080 ft3 
in merchantable volume, and 12,192 bd f t (trees 9.6 inches dbh and larger, 
Doyle rule). The average site index was 96 f t for loblolly pine, base age 
50 (Farrar 1975). 

Treatments were 12-, 16-, and 20-inch diameter-limit cuts. For exam- 
ple, the 12-inch limit treatment harvested all trees 11.6 inches and lar- 
ger. Each net plot is 1 ac of square dimension surrounded by a 66-ft is- 
olation strip. The treatments were replicated four times in a randomized 
complete block design. Blocking was done by stand structure--that is, by 
the number of trees in the range of 3.6 to 9.5 inches dbh--to make the af- 
ter-cut stand structures as homogeneous as possible. 

Hardwoods =re controlled in April 1983 prior to harvest by applying 
Velpar at a rate of 3 lb/ac. The Velpar was diluted with an equal 
mount of water and applied on a 3- by 3-ft grid with spotguns that were 
calibraed to dispense 2.5 cc of herbicide-water mixture at each grid 
point 

The plots were harvested in Auwst 1983 to the prescribed diameter lim- 
its. A 100-percent inventory of residual overstory pines 3.6 inches dbh 



and larger by 1-inch dbh classes was conducted after logging. Individual 
tree records were not kept. Volumes were computed using local volume eq- 
uations (Farrar et al., 1984). Postharvest stand averages, by treatment, 
are shown in Table 1. In addition, a seedling/sapling inventory was made 
by +systemtically spacing 25 circular 0.004-ac subplots over the net plot. 
The size classes were the following: seedlings, 0.5 ft tall to 0.5 inches 
dbh; 1-inch saplings, 0.6 to 1.5 inches dbh; 2-inch saplings, 1.6 to 2.5 
inches dbh; and 3-inch saplings, 2.6 to 3.5 inches dbh. 

In Februat-y 1989, both overstory and seedlinglsapling inventories were 
conducted again using identical procedures to assess s tand development dur- 
ing the intervening 5 years. Plots were also cut to their prescribed di- 
ameter limits again if there was an operable cut of at least 1,000 bd ft 
(byle rule) above the dianreter himit, 

An analysis of covariance was conducted using loblolly pine site index 
as a covariate. Periodic ual growth was tested for the following vari- 
ables: merchantable basal area, merchantable and sawtimber cubic feet vol- 
mes, and board-foot volumes for the three principal log rules. 

Two increment cores, located opposite each other on the bole, were tak- 
en from two trees randomly selected in each 1-inch diameter class on each 
plot during the spring of 1990. "rees cares were used to determine the 

ual tree basal area increment, inside bark, during the 1979-83 period 
prior to treatment and the 1984-88 period following treatment. These data 
were used to assess the effect of the treatments on individual tree growth. 

t 1983, a d  after 5 
s ,  Feb 1989, by dimeter-limit trea on a acre @ i s  

Variable Diameter limit 

Nwber of trees 
Submerchantable 3 2,967 5 2,092 0 1,824 
Merchantable 39 33 74 66 86 80 

Merchantable portion 
Basal area ( f t ) 16 19 45 51 86 90 
Volume (ft3) 378 509 9,233 1,449 2,580 2,731 

Sawlog portion 
Cubic volunne ( f  t 3 ,  118 276 787 1,015 1?986 2,160 
f)syle (b.m*) 441 1,041 3,190 4,460 9,652 10,868 
Seribner (b.m. ) 561 1,490 4,488 5,955 11,968 13,256 
Inti. %-inch (b.m*) 853 1,922 5,367 6,885 13,517 14,767 



The following equation was fitted for this assessment: 

where Ia = average annual tree basal area increment (ft 2 ) ,  inside 
bark, after treatment (1984-88), 

I, = average annual tree basal area increment (ft 2 ) ,  inside 
bark, before treatment (1979-83), 

Br = plot basal area per acre (ft 9, outside bark, of trees 
3.6 inches dbh and larger, after the 1983 harvest, 
m d  

Ci 
= coefficients to be determined. 

Results h d  Discussion 

No significant differences were found for any of the growth variables 
tested. The growth was less than expected--averaging only 0.7 f t for 
merchantable basal area and about 200 bd ft (Doyle rule-- Table 2). Lob- 
lolly-shortleaf pine stands on these sites should produce an average of 

f merchantable basal area growth and more than 300 bd ft 
(Doyle rule) of ual sawtimber growth. 

Table 2. Periodic a . r m d  basal area a d  volume powth per acre by dia- 
mter-limit treatment, 1984-1988 

Variable Treatment All 
12-inch 16-inch 20-inch treatments 

Merchantable portion 
Basal area (ft2) 0.7 1.1 0.7 0.7 
Volme (ft3) 26 43 30 33 

Sawlog portion 
Cubic volume (ft3) 32 46 35 
Doyle (b.m.) 120 254 243 
Scribner (b.m.) 186 293 237 
Intl. %-inch (b.m,) 212 304 250 

One possible reason for the low growth is that the initial harvesting 
occurred in wet weather, Some interim mortality might be attributed to 

e aggravated by the wet weather. The harvest levels were also 
high, and this undoubtedly contributed to some damage and resultant mortal- 
ity to the residual stand. Annual mortality rates averaged 1.3 trees/ac 
for the 5 years after harvest. 

Another possible cause of low growth might be the lack of ingrowth. 
The residual stands have a very irregular structure with deficiencies in 



the lower diameter classes (Fig. 2). An inverse J-shaped stand structure 
provides a continuous reservoir of trees that grow into merchantable cfas- 
ses. It will be some time before these stands exhibit such structure, be- 
cause all the cutting is in the larger diameters, and there are no oppor- 
tunities to mold the structure by cutting in classes below the diame-r 
limit . 

Tree age affects growth, and the advanced age of some of the trees 
might have contrihted to lackluster growth for the past 5 years. Eack of 
vigor probably also contributed, because older trees are less vigorous than 
yomger trees, and suppressed trees respond more slowly to releasel The 
heaviness of the basal areas before cutting probabG adversely affected the 
vigor of the residual stems. 

The effects of residual basal area and past growth (a indicatar of 
vigor) are demonstrated by the regression results for equation [ 2 ] :  

= 0.75, S.E. = 0.3802. 

D.b.h. (Inches) 
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Figure 2. Composite stand structure by diameter-limit treatment, 1988, 
Crosse t t tal Forest, AR, 

Note that the coefficient for the logarithm of tree basal area increment 
before treatment (I,) is positive, indicating a positive relationship be- 
tween the increment before and after treatment. The coefficient for the 
logarithm of stand density after treatment is negative--that is, a higher 
stand density will decrease individual tree increment. Hence, the regres- 
sion results are consistent with generally held assumptions about tree 
growth dynamics in forest stands. 

Solving equation 121 for a range of increments before treatment and for 
the average stand basal areas for each treatment after the initial dia- 
meter-limit cuts generates the values plotted in Figure 3. The plotted re- 
lationships illustrate two important factors that influence the response of 
trees to release--tree vigor and extent of release. Tree vigor is closely 
linked to growth rates--vigorous trees grow rapidly and nonvigorous ones 



grow slowly. The extent of release is associated with the residual density 
after the dimeter-limit cuts; there is a fivefold difference in the resid- 
ual basal areas of the 12- and 20-inch limits. The response of the 20-inch 
diameter limit is just someMhat above the growth experienced during the 
pretreatment period. The response was greater for the 16-inch diameter 
limit, and the response of the most radical treatment was quite pronounced, 
thereby reflecting the drastic reduction in stand density associated with 
the 12-inch limit cut. 

In the fall of 1983, a bumper Poblolly pine seed crop of more than one 
million sowld seeds per acre contributed to the regeneration results (Fig. 
4). The seedlinglsapling stem count was 2,9671ae for the 12-inch limit; 
2,092 for the 16-inch limit; and 1,824 for the 20-inch limit. The develop- 
ment of these submerchmtable stems was particularly rapid for the 12- and 
16-inch limits, where there were subs tmtial numbers of 1-inch saplings. 
On the 12-inch limit, the number of l-inch saplings outnumbered the seed- 
lings. This development is highly related to the residual densities, which 
were 16, 45, and 86 ft2/ac of basal area for the 12-, 16-, and 20-inch lim- 
its, respectively. It is hoped that these seedlings and saplings will con- 
tinue to develop and provide a future reservoir for ingrswth. However, 
given the high basal area (90 ft2/ac in 1988) of the 20-inch limit, the 
seedling population on this treatment will likely be ephemeral. 

The initial results of this study indicate the importance of stand dy- 
nmics operatipi& within erneven-aged silvicultural systems. characteristics 
of the overstory were found to have a pronounced ef fect on the amount and 
development of regeneration* The low overstory density resulting from the 
12-inch cut favored establishent and rapid development of regeneration, 
whereas the higher density of the 20-inch limit retarded regeneration. 
Tree vigor and extent of release had a strong effect on the response of 
residual trees after cutting. Vigorous trees, which had high growth rates 
before cutting, responded well to the reduced densities associated with the 
more drastic dimeter-limit cuts. Tree vigor and the existing stand struc- 
ture before the initial harvest were also related--the high initial s tad 
density was reflected in the high degree of suppression and low nwnber of 
smaller trees in the stand. Tree mortality also undoubtedly influenced the 
initial results of this study, but interpretation of results was difficult 
because only stand-level inventories were conducted. Clearly, positive 
tree identification and the associated measurements are needed to obtain a 
complete picture of forest dpamics. 

These initial 5-year results are not a definitive picture of the long- 
term effectiveness of dimeter-limit cutting. It is mticipated that more 
growth will occur as the stands recover from the effects of the heavy ini- 
tial cut and assume more of a reverse J-shaped stand structure* Subsequent 
harvests will probably vaay in quantity as the diameter-limit treatments 
work through the existing stmd structure, It will be some time before the 
stands have gone through a trmsient state and assume the character that 
Leak (1978) describes. 
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THE ACCIDENTAL SHELTERWOOD 
(OR, THE H N A B V E R T E N  BENEFICIAL RESULT OF A 

SILVBCULTURAL Fnaseog 

Eric J e  Scheckgeper a d  Elizabeth M I  Wellbarn 

Abstract, Since Tennessee Valley Authority begm aging the land 
Between The M e s  4k;BL) Hatianal  Recreation Area forest i n  1964, 
f o r e s t e r s  have been challenged t o  implement low cost s i l v i c u l t u r a l  
treatments which meet nrultiple use goals. In  several two-storied 
s tands  w i t h  Iov qrrality, decl in ing swt imber  overtopping 3.5- to 
75-year-old poles, our so lu t ion  was d i m e t e r  Limit cu t t ing ,  as 
elearcutting was not acceptable,  Exmina t i sn  of the cut stmps 
revealed a not iceable  growth response 35 to  75 years  earlier, From 
the  quality of the sawtimber, we surmised tha t  most of the  paletim- 
ber originated a f t e r  a previous "'high-gradeff cu t  had opened the 
canopy, We have applied t h i s  experience t o  the shelterwood system 
i n  maaging most af the  B L  forest* After  the  f i n a l  removal c u t ,  
10- to  28 f t V x  cf basal a rea lac  is re ta ined.  Adequate regenera- 
t ion should develop with l i t t l e  e f f e c t  from the sparse overstory, 
a d  res idua l  trees reduce a e s t h e t i c  impacts of the  treatment* P i t h  
t h i s  approach, we hope t o  effectively regenerate oak species (Que- 
rcus sp,) while addressing rec rea t ing  v i s i t o r  needs for less visu- 
P 

a l l y  obtrusive f o r e s t r y  pract ices .  

This paper is based on observa- 
t i o n s  o f  forest s t m d  condit ions and 
s t m d  response to  maagement at  the  
Tennessee Valley Au thor i  t y r  s ((TVA) 

L a d  Between The L&es (mL) Nation- 
a% Recreation Area. Since WA begm 
mmaging the IB% f o r e s t  i n  1965, i t s  
foresters have been cont inual ly  
challenged to  f i n d  s i l v i c u l t u r a l  
p rac t i ces  which enhllnce na t ive  wild- 
l i f e  h a b i t a t ,  recreation o p p o r t w i t -  
ies, ma% timber resources,  without 
degrading aesthetics. Ira other  

Pager presented at Sixth  Biemial 
Southern Silvicultural Research Csn- 
ference, Hemphis, "sntJ, Oct. 39-H0vl 
I,  19901 

Foresters, Tennessee Valley 
Authority, b d  Between The L&es, 
Golden Pond, KY, 

words, how ern  we do our work so 
tha t  no one no t ices  we are here? 
Fores ters  leave the miversi ty  
equipped t o  f i x  almost m y  stmd to  
grow timber* However, on psrblic 
h d s  mmaged for mmy uses, like 
LBL, growing t imber is frequently 
l a s t  on the  list of reasons to  m m -  
age the f o r e s t  For instance, the  
usual s i l v i e u l t u r a l  f i x  for a s t m d  
of cutover, fire-dmaged 70-year-old 
s c a r l e t  oak (Quercus Eoccinei) would 
be a c lea rcu t  followed by n a t u r a l  
hardwood regenerat ion,  which to  us 
might not be rn optionI Clearcut- 
t i n g  i n  tt3L has been held  to  a min- 
imum, used primarily to  create 5- to 
15-ac pzitches of young growth within  
the 155,000 ac o f  mostly sawtimber- 
sized t rees .  In s t a d s  tha t  have 
needed regenera t ing ,  we have experi- 
mented with intermediate cuttings, 
belayed release harvests ,  a d  the 
shelterwood system, 



In multiple-use forest ~magement , we feel that the shelterwood system 
offers far more options for even-age agement thm does the single re- 
moval clearcut, In the past 10 years, we have observed that most of the 
harvesting practices used in B L  accomplish some stage of the classical 
shelterwood. Improvement-type cuts that lef t  a sawtimber stmd with about 
60 percent stocking served the purpose st a preparatory cut, opening the 
canopy sufficiently to stimulate seed production d some regeneration be- 
fore the canopy closed again. Mast mL timber harvests are of this type. 
The 7-year forest agement cycle we use allows for two or three cuts in a 
stmd to successively open the canofly over 21 to 28 years* 

A problem with the shelterwood system is the final removal cut, To the 
average hiker, hwter, or envirsmental activist ,  a sheltemood remval 
harvest bears a striking resemblmce to a clearcut. In today's politically 
charged atmosphere, if we c ot use clearcutting or even something that 
resembles a clearcut, what c m  ve do to ensure that even-age forests are 
regenerated? 

A condition encountered frequently in the late 1968s and early 1970s 
was the two-s toried s tad, composed of declining, large-dimeter sawt imber 
trees overtopping small poles. The poles were from 35 to 75 years old. Re- 
search generally indicated that at tempting to maage old poles was a bad 
bet due to epicormic sprouting m d  poor response (Roach and Gingrich 1968), 
even though the poles appeared to be of better form than the sawtimber. 
The sawtimber trees, on the other hand, were merchantable and the poles 
were not. Also, enough tFmultiple use" had become ingrained to make dis- 
tasteful the prospect of spending money to kill nice looking, straight oak 
poles left after harvesting the sawtimber* The treatment implemented in 
such cases was in practice a diameter-limit cut. Almost all the sawtimber 
trees were cut, or in some cases injected with 2,4-D, k termed this op- 
eration "delayed release" cutting because the poles were much larger and 
older than the saplings released in classical liberation cuttings (Smith 
1962). 

Aesthetically, the pole stands were far superior to new clearctnts. The 
LBL, loggers, accustomed to odd requests by then, attempted to minimize 
skidder damage to the li t tle g91ef tovertt trees. Silvicul turally , we might 
have created a monster composed of old, slow-growing poles that would have 
responded poorly, if at all. However, exmining the cut stumps turned up a 
clue to the origin of the poles: something had caused a noticeable growth 
response in the sawtimber trees h e n  they had been about pole sized, from 
35 to 75 years before, depending on the individual  s t a d ,  Prior to TVA 
ownership, muck of the B L  forest haO been high-graded. Digging back 
through the scanty land records confirmed that "selee t ive"  sales o f  stave 
logs had occurred in the vicinity of our delayed release stands. The smal- 
ler, less desirable stems left after high-grading probably becme the lar- 
ger, less desirable stems we later cut. The earlier cut had essentially 



removed the canopy, which allowed enough light to the forest floor to 
stimulate the eseablishent and growth of o& seedlings and sprouts, Most 
were free to grow m d  spaced closely ensugh t o  deter side brmching. 

In 1986, a student intern revisited five of the stmds that had been 
released between 1869 m d  1975. Compared with an uslcut stad, the released 
poles (aged 35 to 75) averaged a 55 percent increze in dimeter growth for 
the 10 years EolLowing release. hreleased stems in the control stand 
averaged a 2-percent increase in growth rate for the sme period of time 
(Nelson 1986). Minckler (1957) fomd that releasing 35- to 100-year old 
white oak (Q. - alba) poles resulted in a 46-percent increase in diameter 
growth. ~ r 6 d  with a little information, we felt considerably better about 
the prospects of delayed release cutting. 

We observed that the silviculturally odious practice of high-grading. 
had led to the establishment of another stand of acceptable quality oaks. 
The few residuals remaining after such a harvest evidently did not hinder 
regeneration. Even at an advanced x e 9  regeneration appeared to respond 
favorably to release. Was the high-grade operation of many years ago 
essentially an accidental sheltenuood? The question we needed answering 
was: 'Wow long after the seed cut c m  the final. shelterwood removal be 
postp~ned?'~ In our experience, a basal area of about 30 t o  35 f t 2/ac 
remains following the preparatory a d  seed cuts, Adequate stocking of oak 
regeneration occurs within 2 to 3 years after the seed cut (Schmeckpeper et 
al., 1989). The overwood could be removed in 4 or 5 years during the next 
management cycle with full assurance of stmd regeneratisn* Or, we might 
wait 35 to 75 years for the final removal wtil the regeneration "stemsw 
look like "treesff to the general public, as with the pole stands discussed 
previously, 

Our intent is to apply a compromise between these approaches. By the 
time the s tad is ready for final remval, regeneration should be in place 
and at least of large sapling size (2-6 inches dbfn), We will retain from 
10 to 20 ft2 of basal area in pole- and sawtimber-sized trees following fi- 
nal shelternod removals. Except for den trees which have always been re- 
tained in LBL, the residuals will be merchatable qual i ty  trees. Regenera- 
tion should continue to develop under the sparse overstow. i n  time, it 
may be possible to return to the stand to remove the large trees, but their 
main function is aesthetic* Their purpose is to ease the trmsition be- 
tween the young, even-age forest m d  the mture forest people are accus- 
tomed to seeing. 

We recognize that the interational creation of a two-storied s t m d  may 
not be an appropriate solution for y forest mmagers, Als 
cations need considerably more time d study to address the 
are tracking selected stmds to be able to attach research results to these 
hypotheses. Certain problems with this approach should be considered: 



Retention of some merchmtable trees w i l l  reduce the  value of timber 
s a l e s .  Marketing less v o l m e  could be a problem i n  

* Epicormic sprout ing w i l l  occur t o  some extent  when boles are exposed 
t o  s m l i g h t ,  e spec ia l ly  a f t e r  the  secsnd cu t t ing ,  Hence, some timber 
value w i l l  probably be l o s t  i f  the  highest  q u a l i t y  trees are net  cut 
u n t i l  the  f i n a l  remova%. &pending on mrk t  condit ions,  i t  may be 
des i rab le  to  t&e the  highest  quaLity trees i n  the  secsnd cu t t ing ,  
a f t e r  they kave provided s o w  seed, but before tktry are at r i sk  f o r  
logging o r  epicormic dmage. 

* We do not h c b w  i f  height growth is s i g n i f i c m t l y  a f fec ted  by re ta in-  
ing  the  sparse overstory for  a l o w  period. The s t u d i e s  c i t e d  indi-  
cated tha t  dimeter growth responds favorably t o  delayed re lease ,  ev- 
en i n  t r e e s  as old as 75 t o  100 years. 

* I f  species  composition is of concern, take care  t o  a s c e r t a i n  tha t  the  
poles being released are white oak ra the r  t h m  post o& (Q. stel- 
l a t a ) .  The s tands  we surveyed i n  1986 showed tha t  post oak -md hic- 
kory (Carya spp.) had the  bovest growth response. Northern red oak 

rubra),  white a&, a d  black o& (Q1 ve lu t ina )  responded f a r  (9. -.-..-- - 
b e t t e r *  

Time a d  c a r e f u l  study will determine i f  the  p rac t i ces  we kave describ- 
ed w i l l  allow us  to  met the  publ ic ' s  expectations of how a f o r e s t  must 
look, while still  providing the  wood resource people continue ts demmd. 
We would greatly apprecia te  h e a r i w  the i n s i g h t s  of o ther  f o r e s t  mmagers 
i n  working toward these frequently conf l i c t ing  goals.  
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PfNE-HARDWOOB REGENEMTION IN SMALL OPENlNGS 
FOR UNEVEN-AGED MANAGEMENT " 

Abstract. Uneven-aged management of pine-hardwood mixtures may 
prove acceptable for providing desirable combinations of timber m d  
nontimber resources if these mi~uses can be regeneraw in small 
openi~rgs. Several combimtions of opening size a d  degree of hard- 
wood control were exmined in a low-quality Piedmont hardwood 
stand. After one gro'tring season, 80 percent of plmted pines sur- 
vived and most had doubled in height and remained free to grow. 
Hardwood regeneration was taller thm pines in all treatments but 
was most vigorous in 1/3-ac openings where residual stems were fel- 
led and no herbicide was applied, 

Pine-hardwood mixtures are gain- 
ing acceptace for  improving the 
productivity of low-quality hardwood 
stands while mintaining other val- 
ues such as aesthetics, wildlife 
habitat, and species dhet-sitjr, 
Pine-hardwood regeneration should be 
attractive to private nonindustrial 
landowners because it is genesally 
less expensive to obtain t h m  pine 
(Phillips md Abercrombie 1987). In 
the Piedmont Plateau and Appalachim 
Mountains of the Southeastern United 
States, 2&,8 million acres of com- 
mercial forest lad are occupied by 
hardwood or mixed pine-hardwood 
stands (Bechtold m d  Ruark 1988), 
Private nonindustrial Landowners who 
control 72 percent of these stmds 

sources (Hapond 1988). Given lim- 
ited options, most of these Smd- 
owners choose to leave their waod- 

The USBA Forest Service is mm- 
dated by law to marmage the National 
Forests to met the goals of society 
as determined by the forest planning 
process. Under the  New Perspectives 
Brogrm, nontraditional forest man- 
agement systems will be tried. Low- 
er ~imber production will be accep- 
ted to favor other resources such as 
diversity, wildlife habitat, and 
aesthetics. efneven-aged mmagement 
is being tested on several National 
Forests a d  may become more common 
OD others. Most research on w- 
even-aged mmagement in the South 
has dealt with hardwood stads and 

generally b o r e  opportuni ties to with loblolly (Pinus taeda L.) and -- 
convert to pine because of the ex- shortleaf pine (P. echinata Mill,) 
pense, abjections to  clearcutting, s tmds . ~nevenzaged management of 
or preferences for nontimber re- ping-hardvood mixtures may be at- 

tractive Per nonindustrial private 
m d  national forestland. However, 

Vaper presented at Sixth Biemial supporting research is limited 
Southern SilvicuPtural Research Con- 
ference, Memphis, T%, Ock. 3 0 - M ~ ~  Single-tree selection has not 
I ,  1990, proven suecessfuL for regenerating 

oaks and other desirable u p l a d  
Research Forester, Southeastern hardwood species of intermediate 

Forest Exp. Sta*, Glemson, SC* shade tolerance (Sander e t  al., 



1983, Della-Bimca and Beck 19851, Group selection c m  be successful i f  
there is adequate advmce regeneration or smhl trees are felled for  cop- 
pice (Smder 9988, Smith 1988)- kveliopment of k-rardvocsd regeneration is 
Largely dependent on opening s i z e ,  aspect, a d  site quality (Mi&Ser m d  
Woerheide 19651, Young hardmods closer ts the edge o f  openings t h m  a 
dis tmce equal to the height of border trees grow slower t h m  those closer 
to the center. This pattern m y  be less pronomeed on south-facing slopes 
which receive more direct m d  indirect sunlight (Minkler e t  a l , ,  f973), 
Openings sf %- m d  I-ac have proven satisfaetav far platings of red pine 

A i t * ) ,  jack pine (Be  -be), md tbkite pine (P. 
Tubbs 1978).   ow ever, ique has not been tested for 

southern pines or mixtures of pines m d  hardwoods. 

The proportion of pine regeneration i n  a small opening in a hardwood or 
mixed pine-hardwood stmd will likely depend on the pine species, the size 
o f  opening, and the degree of khard~~od control, %,oblo%ly pine seedlings 
are shade t o l e r a t ,  but requ i re  more light as they get older (Brender 
%973)* Past research on regenerating gine-hardwood mixtures i n  clearcuts 
indicates that EobPolPy pine seedlings tolerate shade a d  other forms of 
competition on mediw- to poor-quality sites. Most loblolky pine  seedlings 
survive a d  overtop neighboring hardwood sprouts within 5 years (Waldrop 
et ale, 1989; Evms f990)* These studies indicate that mixtures sf upLmd 
hardwoods a d  lob lo l ly  pine may be regenerated successfully in small open- 
ings, particularly on nsedisun to poor sites a d  on south-facing slopes. 

This  paper dscments ea r l y  results s f  an attempt to convert m uneven- 
aged low-quality Piedmont hardwood stand to an ueven-aged mixture sf  pines 
and hardwoods. Small openings were created throughout the stmd to estab--- 
14sh areas for  mmagement by group selection- Several opening sizes a d  
levels of hardwood control were tried. Amouts of pine m d  hardwood re- 
generation present a t  the a d  of one growing season are reported here. 

In 1989, six treatment combinations were replicated three times i n  a 
rmdomized complete block desip, Treatments included two opening sizes 
and three levels of hardwood control, Opening sizes 0% 8/3- m d  1110-ac 
were chosen because of the relationship of opening size to  the height o f  
border trees discussed by Minkler and Woerkide (19658, Circular openings 
of 1/3--ac have a dimeter of approximately two tree heights  (236 ft), while 
the dimeter sf 1/10-ac plots (74 f t )  is approximately equal to  one tree 
height, Levels of hardwood eontrol included: (1) chainsaw felling of re- 
sidual stems over 6-fTtM tall; (2) chainsaw felling of residual stems plus 
application of Garlon 3A t s  a l l  stumps; m d  ( 3 )  no control* Replicates 
were blocked across the slope (upper, miiidle, a d  lower) to remoxre site 
differences. h a l y s i s  of variance a d  linear contrasts were used to test 
for treatment differences at the 0*05 level of confidence. 

The study area is in the Upper Piedmont sf South Carolina on a 27-ac 
tract sf the Cbemson University Experimental Porest in Pickens Cowty* 
Slopes range from 6 to 10 percent w i t h  a uniform southwest exposure. So i l s  



are severely eroded clay loms of the Cecil series. These soils have poor 
fertility because past lmd agement practices led to erosion of topsoil 
(USDA Soil Conservation Service 1972). Site index at age 50 years is 70 ft 
for lsblolly pine m d  approximtely 68 f t for upland o&, 

In 1989, this hardwood stand vas all-aged with tree ages as high as 150 
years, and there was a wide range of dbh classes. White-oak (~ue;cus - alba 
L * )  was the most abwdant overstory species, representing 41 percent sf all 
stems and 30 percent of the basal area (Table 1). Other common overstory 
species were black oak (Q1 velutina h,) anct loblslly pine, Cornon mder- 
story species were dogwood (Cornus florida L.) and hickory (Carya sp.). 
Basal area was 73 f t "lac i n  2 9 r  

Prior to 1974, the stmd was an a w e d  s&-lsblolly pine mixture 
with an average basal area of L g 0  ft21ac (75 percent hardwoods a d  25 per- 
cent pine). During that year, all pines of comercial size were harvested. 
Today, abmdant natural regenerat ion of loblolly pine occurs throughout the 
stand in small openings created by the harvest. This regeneration rnay in- 
dicate that loblolly pine seedlings can survive in small openings where in- 
direct sunlight is provided by a southwestern exposure. Study plots were 
located avay from patches of heav pine regeneration to minimize variation. 

Prior to  treatment installation, the dimeters of all trees 2.5 inches 
dbh m d  larger were measured* Increment cores were extracted from a smple 
of 150 trees to exmine age distribution* Smple trees were selected over 
the range of dbh classes a d  distributed throughout the stmd. The rela- 
tionship of age to dbk was determined with simple linear regression, 

Trees were harvested on the 1/3- and IlIO-ac treatment p lo t s  in Decem- 
ber 1989. All trees over 4.5 inches dbh were felled and limbed on site by 
research crews, Logs were skidded from the plots by a comercial logger in 
February 1990. To minimize d e to standing trees, skidder operators 
were requested to use logging roads and skid trails established for the 
f 974 harvest 

Hardwoods were controlled in early March 1990, imediately after Eog- 
ging* All residual stems over 6-ft tall were felled by chainsaw in 12 of 
the 18 study plots (two opening sizes x three control treatments x three 
replications). Garlors 361 was applied to all hardwood stmps in half  06 the 
plots where residuals were felled. The -herbicide was applied at full 
strength with no water. Hardwood control was not attempted in the remain- 
ing six openings. In these plots, the basal area of residual stems aver- 
aged 10,8 ftzlac. For all residual stems, horizontal erom spread was es- 
timated by averaging the distance from the bole to the outer edge sf the 
crom in each of the four cardinal directions. Crows o f  residual stems 
covered an average o f  30 percent of each opening. Genetically-improved 
loblolly pine seedlings were plmted by research crews in each opening dur- 
ing the first week of March 2990 at a spacing o f  12 x 12 f t *  

The location of each p l a t e d  pine was mpped to monitor the relation- 
ship of position within a plot to survival and growth, Each pine was tal- 
lied as alive or dead in all plots on the first day of each month from Ap- 
ril through September %990* Total seedling height m d  the height at last 
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year" node were measured at the end of the growing season. Growth was 
calculated as the difference between the two height measurements, bring 
the September survey, the percentage of the crow of each seedling that was 
direc tly covered by nearby vegetation was estimated . Crztegories included 
0, 1-25, 26-50, 59-75, and 76-100 percent covered. Seedlings were consid- 
ered free to grow if no more than 75 percent of the crom was directly cov- 
ered by competing vegetation and the terminal bud was not covered, Cover 
by residual stems over 6 ft tall was not included in estimates of direct 
cover * 

Species composition and growth of hardwood regeneration were measured 
in September 1990. Circular sample plots, 0*6)02 ac in size, were estab- 
lished in a systematic pattern over each opening. A total of 50 smple 
plots was used in 113-ac openiws, while 15 plots were used in 2110-ac 
openings. Both samples represent 15 percent of the opening size. All 
seedlings and sprouts were tallfed by species- Height was measured to the 
nearest 0.1 ft, In sprout cleunps, all sprouts were cowted, but height was 
measured only on the dominant sprout, 

D,b.h. (Inches) 

e 1, me dbh (a) a d  ;age (b) 
distributions of 
w d  stmd befare 

The dbh distribution of the 
stand prior to harvest was a re- 
verse-J pattern, with Large numbers 
of smll trees and fewer large 
trees (Fig. la). This distribution 
had a q-factor of approximately 
1.4, which is within the rage 
Smith (1986) described acceptable 

aged uneven-aged stands. A 
condition that must be met when 
single-tree selection is based on 
diameter is that dbh is closely 
correlated with age. Otherwise, 
fas t-growing young trees may be 
selected for harvest, resulting in 
high grading of the stand. In the 
study stand, dbh wa? not well cor- 
related with age (R =0.42) e There 
were too few stems in age classes 
younger than 70 years (Fig. Ib). 
Under the observed condi tioazs group 
selection may be a better choice 
than single-tree selection because 
trees of all dbh a d  age classes 
are harvested* Thiming of the re- 
sidual stad, which would normally 
be done under group selection to 
create a rwerse-J dbh distribu- 
tion, vas not necessary, 



Hatural regeneration of pines occurred infrequently. Survival of plant- 
ed pines remained high throughout the first growing season for all opening 
sizes afld levels of hardwood control. Survival at the end of the growing 
season was somewhat higher in IllO-ac openings (86 percent) than in 113-ac 
openings (80 percent), but the difference was not statistically sipifi- 
cant. Also, survival was not affected by level of hardwood control. At 
the begiming of May, a11 seedlings in IllO-ac openings were alive but some 
mortality had occurred in 113-ac openings. This difference did not persist 
through later months, however. 

Mortality of plmted pines was 
greatest from early June through 
early Aumst (Fig. 2), the driest 
period of the 1990 growing season. 
In 1/3-ac openings, seedling mor- 
tality was most comon in the cen- 
ter a d  northwest quarter of study 
plots, PJInich are the areas that re- 
ceived most direct smlight. Mor- 
tality in IllO-ac openings, which 
received less direct sunlight, was 
rmdomly scattered throughout the 
plot. These patterns may indicate 
that pine seedling mortality during 
the first growing season was asso- 
ciated with moisture stress rather 
than shading or other forms o f  
competitione 
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Total height and growth of BO 

plm:ed pines appeared to be great- 
er -in 1/3-ac openings than in 1l10- 

60 
ac openings (Table 2), but differ- Apr MV June JUQ ~ u g  ~ e p t  

enc.es were not significant. Seedl- 
ing heig'ht growth averaged 0.64 f t 
in 1/3-ac openings a d  0.56 ft in 
I/lO-ac openings. No differences 
due to level of hardwood control 
were observed. Approximately 70 (b) openiws. 
percent of all surviving pines re- 
mained free to grow at the end of the first growing season (Table 2), 
Although the portion of free-to-grow pines was sowwhat higher in 1/P0-ac 
openings, differences between treatments were not significant* 

Species composition of hardwood regeneration was somewhat different 
than that of the preharvest stand, but it did not vary among treatments 
(Table 3). Rather tha white a&, vhich was dominant before harvest, re- 
generation consisted sf even mixtures of sprouts of black oak, scarlet o& 
(_a. coccinea Muenchh.), white oak, black cherry (Prunus serotina Ehrh.),  
blac (Nyssa sylvatiea Marsh.), dogwood, and kickolry* Seedlings of 
yellow-poplar (Eiriodendron tulipifera L.) were also abundant* 



Table 2. hei&t, powth tion free-to-grow for plan- 
ted pin- fviq one &rod e, 

Treatment Height Growth Free to grow 

------ ft ------ - percent - 

Ill0-ac openings 
No understory control 1 . 2 0.6 70.7 
Residuals felled 1.0 0.6 78.1 
Residuals felled + herbicide 1.1 016 68.3 

113-ac openings 
No understolry control 1 ,2  0.6 68.2 
Residuals felled 1 ,2  0.7 69.0 
Residuals felled + herbicide 1.3 0.7 67.7 

Table 3. Species composition of k d w d  rqmeratim try tsat 

Hardwood No Fell and 
species control Fell herbicide control Fell herbicide 

Black oak 57 177 247 191 107 183 
Scarlet oak 130 190 177 210 160 209 
Vhite oak 263 127 300 327 244 544 
Nisc. oaks 23 20 14 0 7 17 

Black cherry 70 137 I27 194 138 176 
Blac 63 0 147 174 244 161 
Ilogwood 403 233 117 311 912 546 
Hickory 233 TOO 263 182 458 312 
Yellow-poplar 212 329 103 43 113 153 
Misc. 351 78 157 77 37 133 
Total 1,340 1,420 1,680 2,177 2,690 2,406 

Vigor of hardwood regeneration was affected by both opening size and 
level of understory control. For the oak and all-hardwood categories, the 
number of sprouts per cut stump was greater in 1/3-ac openings than in 
l/lO-ac openings (Table 4). Within the 1/3-ac openings, sprouts per stump 
were most nwnerous Mhere residuals were felled but no herbicide was ap- 
plied. In plots where residuals were not felled, sprouts originated from 



the stunaps of the trees sf comercia1 size which were harvested. These 
stumps were from older trees and had less sprouting capabilities than 
stumps of felled residuals. In plots where residual stems were felled and 
herbicide tras applied, the herbicide did not kill the entire stump and root 
system, but did reduce the number of sprouts produced. This pattern agrees 
with the results of Levis et ale (19841, wkrs fowd that a winter applica- 
tion of Garlon 3A to the stwnps of Piedmont hardwoods killed only a portion 
of the stumps but effectively controlled sprout growth, Although support- 
ing data were not collected, sprouts in plots where herbicide was applied 
appeared to be of better form than those in areas where herbicide was not 
applied. These sprouts tended to originate from below- ground buds while 
those in other areas originated from the above- gromd caanbim. 

Treatment O&S Other hardwoods A11 kardwosds 

1110-ac openings 
Mo mderstory control 1. 2a1 2.5a I. 9a 
Residuals felled 1.7a 2 4a 2-0a 
Residuals felled + herbicide l.8a 3.7a 2 * 7a 

1/3-ac openings 
No ~ulders tory cant rol 2,2ab 2.3~1 2,3a 
Residuals felled 3.3 b 4.0 b 3 * 7  b 
Residuals felled + herbicide 2.4ab 2 * 7ab 2.4a 

Mems within a eol fallowed by the sme letter are not si~ifi- 
cmtly different at the 0.05 level, 

Height of the dominant sprout in each clump was also affected by open- 
ing size and level of hardwood control (Table 5). Sprouts tended to be 
taller in 1/3-ac openings than in smaller plots because a larger portion of 
the hardwood regeneration was unaffected by compe t i t ion from border trees . 
The d i f  Eerence was signifieasnt for the other hardvood a d  all-hardwood spe- 
cies groupings. - This finding agrees with that of Minkler and Woerheide 
(1965) who showed that the vigor of hardwood regeneration increased with 
distmce from the edge of the opening* 

For all treatment combinations, hardwood sprouts were taller (Table 5) 
thm t he  mem height of plmted pines (Table 2). This difference was 
greatest in 1/3-ac openings where residuals stems were felled and herbicide 
was not applied. Within the all-hardwoods category, sprouts in these 



Mle 5. heist: of the 
species potlp* 

Treatment Oaks Other hardwods A31 hardwoods 

IllO-ac openings 
No turderstsry control 2 * 1  a' 2.8 a 1 - 4  a 
Residuals felled 1.6 a 1 3  a 1.8 a 
Residuals felled + herbicide 1.3 a 1.7 a 125 a 

213-ac openings 
Mo mderstory control 1.5 a 1.9 a 1 - 8  a 
Residuals felled 2.1 a 2.6 b 2 ,5  b 
Residuals felled + herbicide 1.8 a 2*0  ab 1,8 a 

"ems within a col followed by the same letter are not signifi- 
cmt3y different at the 0.05 level. 

treatment areas were significantly taller thm for all other treatment com- 
binations (Table 5). Sprouts in these areas originated from small, vigo- 
rous trees and were not affected by herbicide application; many were not 
affected by competition f ram border trees. 

At the end of one growing season, pine-hardwood regeneration appears to 
be successful in small openings which were created to allow a low-quality 
Piedmont hardwood stmd to be aged by group selection, Survival of 
planted loblolly pine seedlings was over 80 percent, and approximately 70 
percent of surviving seedlings remained free to grow. Pine mortality dur- 
ing the 1st year appeared to be associated with moisture stress rather than 
from shading or other forms of competition. Even though hardwood regener- 
ation was taller than planted pines, surviving pines doubled in height. 
Nmerous sprouts and seedlings of oak and other desirable hardwood species 
becme established in each treatment area* 

For pines to continue to survive and grow among hardwood regeneration, 
a balance of hardwood control and available sunlight is needed. The larger 
1/3-ac openings provided more sunlight for the moderately intolerant  pines, 
but hardwood regeneration overtopped pines where residuals were felled and 
no herbicide was used. Nardwood vigor was reduced in the smaller l/lO-ac 
openings and where residual stems were not felled. However, the increased 
shading typical of these treatments may prevent rapid pine growth. The 
combination of large openings to provide adequate sunlight and herbicide to 
control hardwood growth may prove most successful for es tab l i sh ing  a pine- 
hardwood mixture, 



Study plots will be observed for a nwber of years to evduate the best 
combination of speniw size md level of hab-dxpsod comtro$. As pine and 
hardwood regeneration grows, direct competition between species gssups will 
increase. The bpmics  Qf young pine-hardwood mixtures are not well docu- 
mented. Recent s t ud i e s  in clearcut areas with similar site quality (medium 
to poor) a d  aspect (southwest) indicate that pines will survive a d  over 
top the hardwood regeneration, Mowever, competition from border trees in- 
creases the difficulty of predicting pine and hardwood survival and growth 
and requires additional study* 
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EFFECTS OF 27 YEARS OF PRESCFglBED FIRE ON AN 
OAK FOREST AND 1TS SOILS IN MIDDLE "TNNESSEE " 

Hal W e  DeSelm, Edward EsC* Ckebseh, m d  J o b  C1 Remie 

Abstract1 $ l o t s  receiving 27 years  of u a l  m d  5-ywr periodic 
prescribed surface fires were compared to  nonbusned co,ntro%s in the 
oak forests at N i g h l a d  Rim Forestry S ta t ion ,  Stmd overstories 
were dominated by pse o& ( Q U ~ ~ C U S  ~ t e f l i l t a ) ~  s c a r l e t  o& (Q. 
coccinea), arad southern red o& (Q. falcata), a d  s i x  o ther  t r e e  
taxa. ~ b k a l  tree stem dens i ty  decFeased 21  percent, 47 percent and 
48 percent i n  control ,  perioc%jic m d  uaf burns, respectively, 
Basal a rea  increased 36 percent on con t ro l  p lo t s ,  increased 14 per- 
cent on per iodic  burn p l b t s ,  and decreased 5 percent on 
p lo t s .  Understory stem dens i ty  reased 51 t o  82 percent mong 
a11 treatments over the period. ually burned p l a t s  had a grass 
dominated ~tn%derstory, m d  88 perc of the sapling size stems were 
winged s m a c *  con t ro l  p l a t s  s o i l  pH i n  I989 was s i p i f i e a n t l y  
lower t h m  i n  uak or  periodlc burn plats. Use of the shrub- 
grass dominated llinderstoy by gme runimals should be invest igated,  

Th i s  gaper compares s tmd condi- 
t ions following 27 years of 

1 and per iodic  prescribed mderstory 
surface fires on the vegeta t ion a d  
s o i l s  at  Highlad  Rim Forest Sta- 
t ion ,  Fratnklln Cou ty ,  Temessee. 
The study response contr ibutes  to  
our knowledge o f  s o i l  a d  oaEh fores t  
overs tory  species response behavior 
t o  d i r e  m d  freedom from f i r e .  

The study is at 36" 30W:86'W at  

Pqeer  presented at  Sixth  BiemiaL 
Southern SilvicuLturaL &search Con- 
ference ,  Memphis, m, Oct* 30-bve 

1990. 

Professors of ESotmy/EcoLom, Bot- 
my Dept* ( is retired); m d  
Associate Professor of Forestry/ 
E c s l o ~ ,  Dept. s f  Forestry, Fish- 
e r i e s ,  m d  Wildlife,  Univ* "Fmes- 
see, homilEe. 

the eas te rn  edge of the I n t e r i o r  Low 
Plateau Province i n  middle Temes- 
see. The l a d  surface here is mdu- 
lating m d  has loess derived s o i l s  
i n  which a water-movement-ihibiting 
p m  has developed i n  severa l  series 
(Fememm 2938; Fox et a l e ,  1958; 
b v e  e t a l e  , 1959). Pores t vege ta- 
t ion is of the uplmd oak swamp, 
post o&-blackjack o& or southern 
red a&-scarlet o& types (DeSelm et 
al., 1973). S i t e  index of upland on 
t h e  DicEcson s o i l  cornon here  is 66- 
75 f t  (Moffitt e t  ax., 1972). Con- 
version of t h i s  vegetation to agr i -  
c u l t u r e  a d  $0 pine p l m t a t l o n s  is 
continuing ( T h ~ r  m d  Buffman 1969; 
Buekraer et al . ,  1986). 

Early surveyors found a few 
places with no forest .  A t  such mob- 
e rn  sites as the  Hay P r a i r i e ,  the 
vegetation has a plhysiomomic md 
f l o r i s t i c  resemblmce t o  midwestern 
prairie (DeSelm 2990)* 



Thousads  of years of native hesic;lll l use (of  om intensity), agri- 
c u l t u r e ,  and l ivestock grazing between the late 1700s and early 1940~~ and 
U. S. Army mmeuvers during Vosld War I1 have been part of this areaBs his-  
tory.  A railroad on the  edge of the fores t  as well as pre-1940 landowners 
formerly were sources of frequent fires (Haywood 1823; Faulkner 1968; De- 
Selrn e t  a l *  , 1973) e 

Data were collected in nine 1.8-ac rectangular experimental p l o t s ,  
three i n  each treatment ( a l  fireg periodic f i r e ,  a d  control), Near 
each end sf each plot a pe ent st&e served as a photographic point, and 
overstory and understory tree and shrub sample p l o t  centers. Overstory 
( t r ee s  > 5 inches dbh) were sampled using circular 0.2-ac plots. Concen- 
tric 0.01-ac plo ts  were used to sample the woody understory plants  1-ft 
t a n  to 5 inches dbh (Thsr m d  Nichctls 2973). At the northern st&e i n  
each p l o t ,  the  entire understory was sampled ua l l y  using a Line-pdnt 
t ransect (DeSelm e t  al.  , 1973; DeSelm and Clebsch, i n  press) .  Annual burns 
began in 1963; periodic burns were made in 1964, 1969, 1974, 1979, 1983, 
and 1988. Late winter burns were used to simulate the usual time of burning 
by landowners. Vegetation ckrmges are reported for 1963-1970 m d  1970-1989, 

Pre-1989 data are that of Nichols (1971) and Thor and Nichols (1973). 
The 0.2 md 0.a-ac plots  were resmpled i n  Oetsber 1989, Soils  were sm- 
pled to a depth of 4 inches at the northern s take  of each plo t  in August 
1989, arad pH a d  available potassim (K) and phosphorus (P) were determined 
at the Agricul tural  Extension Service So i l  Test Laboratory, Nashville. The 
number o f  soil sam-ples taken in each of the  measurement years was twelve i n  
1963, s i x  i n  1967, eighteen i n  1971, and thirty-three in 1989. Samples 
taken d u ~ f n g  1963-1991 were by E* Thor (see Thor and Nichols 197% fo r  an-- 
alysis). Taxonomic nomenclature follows L i t t l e  (1979) or Gleason and Cron- 
quist (19631, who may be consulted for author i ty ,  

R e d t s  h d  Disc-rassian 
Overs tory 

ehanges in the overstory control plot (Table 1) show am overall de- 
crease in stem densi ty  during both growth periods. Only scarlet oak (Quer- 
cus coccinea) m d  white o& ( Q *  alba) densi t ies  increased. Total - 
area  increased due l a r g e l y  to ikcrease i n  scarlet oak basal area. Southern 
red oak (a. falcata) basal area decreased (Table 1) while black oak (Q. 
velut  ina) -dropped out. Decreases i n  density with fores t development were 
expected just as was the  increase i n  basal area. Waldroo et al. (1987) 
also noteb considerable variat ion in behavior of individual species com- 
pared with the overall trend. Using basal area as the measure, the  control 
p lo t s  were dominated by post o& m d  southern red o& in I363 and 1989 a d  
by the latter date developed a closed canopy and well-developed l i t t e r  
l ayer .  



Species 

s temslac f t lac s ternlac f t lac s tems/ae f t  2/ac 

Post oak 1963 56 25.6 47 23e5 60 27.4 
Bhtercus stellata 1970 49 27.8 43 23.7 45 27.4 

1989 33 28.0 27 18.7 33 19.3 

Southern red oak 1963 38 17.2 29 14.0 40 16.5 
(9. falcata, - -  1970 32 19.9 34 15.2 36 18.6 

1989 13 16.8 12 14.1 2 1 22.1 

Blackjack o& 1963 2 0.9 6 2.0 4 1.6 

mite o& 11963 P 1.3 0 0 0 0 
8. alba - - 197 4) I 1.5 Ca 0 0 0 

I989 6 5.0 0 0 1 1.5 

Red maple 1963 0 0 0 0 0 0 
Acer r u b r w  1970 0 0 0 0 0 0 

I989 0 0 4 2.4 0 0 

1963 a d  1970 data from N i & ~ ) l s  (1973) 



The decrease in density (Ca 47 percent) in the periodic burn plots 
restricted the basal area increase to 7.3 f t 2  (Ca 14 percent). The de- 
crease in density occurred despite a small ingrowth of willow oak (Quercus 

), red maple (Acer r u b r m )  and sweet (Liquidambar styracif lua). -- 
Blackjack (Quercus marilandica) and black oak disappeared. Basal area 
dominmce in I963 by post-southern red-scarlet o& chmged by 1989 to 
scarlet-post-southern red oak ranking. The appearance be&e h a t  of an 
open. forest stand w i t h  a shrubby mderstosy. 

The decline in overall density i n  the  ual burn plots was about 48 
percent. Basal area loss was about 5 percent although the scarlet oak 
basal area increased about 12 percent. The 1963 post-southern red oak 
forest changed by 1989 to a southern red-post oak stand. The appearance 
was that of an open forest stand with grassy understory. 

Assuming linear overstory stem loss rates, the periodic burn plots 
should be non-forested in 31 more years or by the year 2020. The 
burn plots should be non-forested in 27 years, or by 2016. Use of negative 
curvilinear estimte would extend the time estimates. 

In the periodic a d  annual burn plots, blackjack, black, white, and 
w i l l o w  oaks a l l  made small posi t ive or negative density changes. These, 
with the ingrowth of the more fire susceptible red maple and s w e e t  
(Langdon 1981) may represent successional changes with impacts on future 
composition. The high mortality o f  post oak and lower mortality of scarlet 
o& was also seen by Loomis (%973)* 

Basal area growth on the p lo t s  was 16*9, 7.2 m d  -2,9 f t  Vat in eon- 
trol, periodic m d  burn plots, respectively, This  is c0.63, +0.27 
and -0.11 %t2/acPgrr ed to  1.74 (control), el.51 (periodic) m d  +I48 

ual) ft2/yr growth in the Westvaco pine plots (Waldrop et al . ,  1987). 

Mortality in control plots averaged 0.8, in periodic plots it averaged 
ua l  plots it averaged % * 8  perccnt per year. I n  the first 7 
over 6.5 inches dbh in Missouri (Paulsell 19571, these per- 

1.7, 0.5, and 0.7 percent per year. Scattered control,  peri-  
a1 burn mortality data for scarlet, black, southern red and 

post oak range from 1.5 to 3.7 percent per year. In the Missouri study, 
"eey ranged from 0.8 to 1%.4 percent  per year* 

Droughts are common in middle Tennessee. March through October drought 
months totaled 97 (30 percent of 328 months) during the period 1929-1969 
examined by Vaiksnoras and Palmer (1973). During the period 1964-1987 (in- 
clusive), 28 percent of the March-October months had precipitation def ic i t s  
totaling 10 percent of the mean for that month. These deficits on drought- 
prone soils with hard pans may part ial ly account for low growth in the con- 
t ro l  plots .  

Uraders tory 
On control plo ts ,  between 1970 and 1989, understory stem density de- 

creased from over 8000, to about 1400 stemsjac (Table 2). Only sweetgum 



Table 2. d M%ra Fares t c, 

Control 
Species 31970 f 989 

Post oak 
Scarlet o& 
Southern red oak 
Blackjack oak 
Black o& 
Willsw s& 
White o& 
Red maple 

Mockernut hickoizy 
Flowering domood 
Sassafras 
East ern redcedar 
Farkleberry 
hericm elm 

%tal 

"ata from Thor and Nichols (1973) 
"~st measuredlcomted 

density increased appreciably. Blackjack oak, sassafras (Sassafras a lb i -  
durn) and American elm (Ulmus americana) disappeared; white and willow oaks - 
m d  eastern redcedar ( ) were recruited. These chmges 
represent response to protection from pre-1960 railroad and pre-1940 local 
landowner-caused fires. Larger stems, free to grow, developed a closed 
canopy. Gains and losses in species occurrences and density have been also 
seen in secondary succession (Oosting 1942, Smith 1968). 

On periodic burn plots, understory stem density also decreased in most 
species. A few species, e . g . ,  red maple, sweet 9 vhiw oak, a d  do~ood 
(Cornus florida), were recruited although the entry of these less fire- 
adapted taxa may be temporary. The invasion of the four above taxa without 
the loss of other tree taxa occurred despite the presaaaslably hotter periodic 
fires; the gain bay be related to the longer interval between fires. 

h u a l  burn plot results indicate great losses in stem nmbers far most - 
species Blac (Nyssa sylvatica), blackjack oak, dogwood and sassafras 
disappeared; o black oak was recsui ted.  Winged smac (%us - copallim) 
increased to 88 percent of total density. Although ual fires may be 
cooler thm periodic, their frequency of occurrence has resulted in mre 
species loss -than species gain from invasion. 
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The shrub-herb compment of the periodic burn plots m d  the grass  
component of the ual burn plots, almg with the great loss in stem 
density and stabilization of basal area i n  burn treatments support the 
theory that fire i s  responsible for the treeless condition of parts of this 
area described before, a d  early i n ,  t h e  settlement period (GTeSelm 1990). 
These f indings  suggest that contimed burning would result i n  grassy open- 
ings (prairie, open barren) in the experimental plots by early i n  the next 
century assuming a linear rate of chmge. 

The productivity of the understory for use by game or domestic animals 
should be a topic of inves t iga t ion  t o  ascertain whether i t  compensates for 
the loss in overstoy production* 

These plots are par t  of the  Highland Rim Forestry Station, a f a c i l i t y  
of the University of Tennessee Agricultural Experiment Stat ion and the 
Department of Forestry,  Fisheries and Wildl i fe .  We acknowledge the h e l p  of 
Mr. J. Huffman and M.T. Seay who have managed the plots  and took or assis- 
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